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© Synthetic peptides specific for the detection of antibodies to HCV, diagnosis of HCV infection and 
prevention thereof as vaccines. 

© The present invention relates to a method for the detection in body fluids of antibodies to hepatitis C virus 
(HCV), also known as a non-A non-B hepatitis (NANBH) virus and to the diagnosis of NANBH by the use of a 
composition of synthetic peptides. Each of these peptides has an amino acid sequence corresponding to 
immunodominant regions of a fusion protein and a non-structural polypeptide of HCV, SOD/HCV C1 00 and a 
postulated HCV structural (core) protein. More specifically, the present invention is directed to the use of a group 
of synthetic peptides in a prescribed sequence or their analogues for the detection of antibodies to HCV in body 
fluids. The detection method includes an enzyme-linked immunosorbent assay (ELISA), and other forms of 
immunoassay procedures. 

The present invention also relates to a method for generating high titer antibodies to HCV in healthy 
mammals, including humans, by the use of compositions containing these synthetic peptides, analogues or 
mixtures thereof, in a free, conjugated or polymeric form as key components in synthetic vaccines for the 
prevention of non-A non-B hepatitis (NANBH). 
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INTRODUCTION 

The present invention relates to peptide compositions specific for the diagnosis and prevention of 
hepatitis C virus (HCV) infection, or non-A non-B hepatitis (NANBH). More particularly, the present invention 

5 is directed to synthetic peptide compositions which are specific for the detection of antibodies to HCV in 
body fluids and immunoassays using the same. The invention also includes the use of the synthetic peptide 
compositions as antigens for eliciting the production of monoclonal and polyclonal antibodies against HCV 
and as immunogens in vaccines for the prevention of NANBH or HCV infection. 

In the 1940s, two independent investigators concluded that there were at least two types of viral 

10 hepatitis, designated as A and B (HAV and HBV) and that infection by one type, either HAV or HBV, did not 
confer the patient with cross-immunity (1-3). It was only in the 1970's with the introduction of serologic 
markers for hepatitis A and hepatitis B that it became possible to identify diseases caused by the two 
viruses and to distinguish between these two types of hepatitis clinically and serologically. 

Subsequently, in 1974, Prince et al. suggested that many cases of transfusion hepatitis could not be 

75 attributed to HAV or HBV and were caused by an agent other than these viruses. They proposed naming 
the agent hepatitis C virus (HCV) (4). The presence of another hepatitis causing agent was subsequently 
confirmed by Alter et aL who reported that although the exclusion of commercial blood donors found to 
carry hepatitis B surface antigen (HBsAg) significantly reduced the frequency of post-transfusion hepatitis 
(5), 7 to 10 percent of the 5 million Americans who received transfusions each year still developed hepatitis. 

20 In 90% of these post-transfusion hepatitis cases, a specific virus, unrelated to HAV, HBV, Epstein- Barr virus, 
cytomegalovirus or other viruses which occasionally produce liver diseases, was implicated as the etiologic 
agent (5). This infection was designated as non-A non-B hepatitis (NANBH). 

Over the years. NANBH has been reported in patients undergoing hemodialysis, recipients of renal 
transplants (6), intravenous drug abusers (7) and patients in institutions for the mentally retarded (8). 

25 Further, nurses caring for patients with NANBH have also been found to contract this disease. 

Epidemiologic evidence suggests that there may be three types of NANBH: the water-borne epidemic 
type; the blood or needle associated type; and the sporadically occurring community acquired type. 
However, the number and precise nature of the causative agents of NANBH still remain not entirely clear. 
The acute phase of NANBH is less severe than that of hepatitis B, and the disease is rarely fatal. 

30 However, more than a third of the individuals who contract NANBH develop a chronic form of the disease in 
which they may remain infectious indefinitely. This chronic state may lead to cirrhosis of the liver and 
eventually to liver cancer. 

Many methods have been developed in an attempt to detect the putative NANBH viral antigens and 
antibodies. These include agar-gel diffusion, counter immunoelectrophoresis, immunofluorescence micro- 

35 scopy, immunoelectron microscopy, radioimmunoassay, and enzyme-linked immunosorbent assay using 
crude biologic lysates and antibodies from patients. However, none of these assays are sufficiently 
sensitive, specific, and reproducible for use as a diagnostic test for NANBH. Some of the reactivities 
detected were later attributable to the presence of antibodies to host cytoplasmic antigens or low levels of a 
rheumatoid-factor-like substance frequently present in patients with or without hepatic diseases. 

40 In the absence of a definitive test for NANBH, the diagnosis in the past has been one of exclusion. It 
was based on the clinical presence of acute hepatitis and the persistent absence of serologic markers for 
hepatitis A and B, Epstein-Barr virus or cytomegalovirus. 

Because no specific test for the detection of antibodies to NANBH or HCV has been available, the use 
of nonspecific tests to screen donors has been adopted in the past decade as a means of preventing at 

45 least some post-transfusion NANBH. 

One such surrogate test measures liver enzyme levels. The concentrations of some of the liver 
enzymes, in particular alanine aminotransferase (ALT), are frequently elevated in the blood of patients with 
active hepatitis. Two independent studies have shown a correlation between donor ALT levels and the 
incidence of NANBH in transfusion recipients (9-11). However, some studies showed that only about 20 

so percent of blood donors who transmitted NANBH have elevated liver enzyme concentrations. Other 
investigators, furthermore, have found that the liver enzyme levels can be increased by extraneous factors, 
such as heavy drinking. 

Epidemiologic circumstances predisposing donor populations to infection with hepatitis B virus may also 
favor exposure to NANBH agents. A study conducted by Stevens et al. (12) evaluated the risk factors in 
55 donors for the presence of antibodies to hepatitis B virus. The results indicated that units of blood which 
were positive for antibodies to the hepatitis B core antigen (anti-HBc) appeared to present a two to three- 
fold greater risk of NANBH in the recipients than units without anti-HBc. They concluded that anti-HBc 
screening of donors might prevent about one third of the cases of NANBH attributable to transfusion, 
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whereas ALT screening might prevent nearly one half of the cases of post transfusion NANBH. 

Even with the use of these surrogate tests to establish the diagnosis of NANBH by exclusion, the 
correct identification of the NANBHV carriers was still far from satisfactory. Firstly, there are a significant 
number of patients who received blood lacking the surrogate markers and yet developed NANBH. 

s Secondly, there is a minimal overlap between donors with elevated ALT levels and those with anti-HBc. 
Lastly, there are recipients of blood units which were positive for a surrogate marker, but who did not 
become infected with NANBHV, also known as HCV (13-15). 

Thus, there is an urgent demand for a sensitive and specific method to identify carriers of NANBHV and 
to screen out contaminated blood or blood products. In addition, there is also a need for an effective 

io vaccine and/or therapeutic agent for the prevention and/or treatment of the disease. 

Recently, a group of scientists at Chiron Corp. constructed a random-primed complementary DNA 
(cDNA) library from plasma containing the uncharacterized NANBH agent (16). They screened the library 
with serum from a patient diagnosed with NANBH and isolated a cDNA clone that encodes an antigen 
associated specifically with NANBH. This clone was found to be derived from the genome of an agent 

75 similar to the togaviridae or flaviviridae (16). The newly identified NANBH agent was called hepatitis C virus 
(HCV). A specific assay for this blood-bome NANBH virus was developed based on a fusion polypeptide of 
human superoxide dismutase (SOD) and 363 HCV amino acids, designated as SOD/HCV C100-3 (17). 
SOD/HVC C-100 was cultured from a clone of recombinant yeast, purified, and used to capture circulating 
viral antibodies (17). A family of cDNA sequences derived from this hepatitis C virus was subsequently 

20 reported in detail (18). 

However, the neucleotide sequence of HCV disclosed by the Chiron group covers only about 75% of 
the HCV genome and represents only the nonstructural genes. 

More recently Mayumi, et al. determined the S'-terminal sequence of the genome of HCV for two 
distinct HCV strains in human and chimpanzee carriers (27). The S'-terminal sequence contained a 5' non- 
25 coding region of at least 324 nucleotides, well preserved in the two strains. The non-coding region was 
followed by a coding region of 1348 nucleotides continuing beyond the reported sequence of the prototype 
HCV which spanned 7310 nucleotides (18). Based on these results (18,27), HCV is considered to possess 
an uninterrupted open reading frame encoding at least 2886 amino acid residues. 

A comparison of the complete nucleotide sequence of the Hepatitis C Virus to that of other Flavi viruses 

30 (28) has led us to postulate that two structural genes encoding for the core (or nucleocapsid protein) and 
the envelope proteins were contained in the HCV genome located in the upstream and downstream region 
respectively of the S'-terminal sequence as reported by the Mayumi group (27). By careful analysis of the 
whole HCV genome structure and the predicted amino acid sequence encoded in the structural and non- 
structural proteins, we have now identified and characterized by an extensive series of experiments and 

35 through serological validation, the immunodominant regions of the HCV proteins. 

The predicted amino acid sequence of the HCV genome is presented in Table 6, wherein the sequence 
for (a) is the sequence for J-1 (27, 29), (b) is the sequence for J-4 (27) and (c) is the sequence for the 
prototype PT (18). These show where conservative substitutions, deletions or substitutions can be made. 

40 
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Table 6 



(a) MSTIPKPQRKTKRNTNRRPQDVKFPGGGQIVGGVYLLPRRGPRLGVRATR 50 

(b) N 



30 (b) 
(c) 



KTSERSQPRGRRQPIPKVRRPEGRTWAQPGYPWPLYGNEGCGWAGWLLSP 
„ — v?— — — — A— - ————A— — — — — — L— — — ~" — — *~ — 

RGSRPSWGPTDPRRRSRNLGKVIDTLTCGFADLMGYIPLVGAPLGGAARA 



LAHGVRVLEDGVNYATGNLPGCSFSIFLLALLSCLTVPASAYQVRNSTGL 
I E VS-I 



SLFTPGAKQNIQLINTNGSWHIHSTALNCNESLNTGWLAGLIYQHKFNSS 
c _c~i? — R — — D — H — F — A— F— T— R *~ 



M IDW-A TYTEPDS A-R S 



SVCGPVYCFTPSP 

VWGTTDRSGAPTYSWGENDTDVFVLNNTRPPLGNWF 



100 



150 



200 



15 YHVTNDCPNS S I VYEAHDA I LHTPGCVPCVREGNVSRCWVAMTPTVATRD 250 
s A-M-M D-S Li L-A-N 

GKLPATQLRRHIDLLVGSATLCSALYVGDLCGSVFLIGQLFTFSPRRHWT 300 
ASV-T-TI V A-AF M VS E- 



TQGCNCSIYPGHITGHRMAWDMMMNWSPTAALVMAQLLRIPQAILDMIAG 350 
V-D LS T vs W — V 

AHWGVLAG I AYFSMVGNWAKVLWLLLF AGVDAET I VSGGQAARAMSGLV 400 
t v T-A YT A-SHTT-T-A 



450 



( a ) GCPERLASCRRLTDFDQGWGP I SHANGSGPDQRPYCWHYPPKPCG IVPAK 5 0 0 



550 



600 
650 
700 



GCTWMNSTGFTKVCGAPPCVIGGAGNNTLHCPTDCFRKHPDATYSRCGSG 

PW I TPRCL VDYPYRLWHWPCT I NYT I FK I RMYVGGVEHRLE AACNWTRGE 
RCDLEDRDRSELSPLLLTTTQWQVLPCSFTTLPALSTGLIHLHQtJIVDVQ 

YLYGVGSSIASWAIKWEYWLLFLLLADARVCSCLWMMLLISQAEAALQN 750 

LV I LNAASLAGTHGLVSFLVFFCFAWYLKGKWVPG AVYTFYGMWPLLLLL 8 0 0 

45 LALPQRAYALDTEV AASCGG WLVGLMALTLSPYYKRY I SWCLWWLQ YFL 850 

TRVQAQLHVWIPPLNVRGGRDAVILLMLAVHPTLVFDITKLLLAVFGPLW 900 

ILQASLLKVPWFVRVQGLLRFCALARKMIGGHYVQMVI IKLGALTGTYVY 9 5 0 
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NHLTPLRDWAHNGLRDLAVAVEPWFSQMETKLITWGADTAACGDIINGL 1000 

PVSARRGRE I LLG P ADGMVSKGWRLLAP I TA YAQQTRGLLGC 1 1 TSLTGR 1050 

DKNQVEGEVQIVSTAAQTFLATCINGVCWTVYHGAGTRTIASPKGPVIQM 1100 

YTNVDQDLVGWPAPQGSRSLTPCTCGSSDLYLVTRHAOVI PVRRRGASRG 1150 

SLLSPROISYLKGSSGGPLLCPAGHAVGIFRAAVCTRGVAKAVDFIPVEN 12 00 

LETTMRSPVFTDNSSPPVVPQSFQVAHLHAPTGSGKSTKVPAAYAAQGYK 1250 

VLVLN PSV AATLGFG AYMSKAHG I DPN I RTG VRTI TTGS P I TYSTYGKFL 1300 

ADGGCSGGAYD III CDELHSTDATS ILG IGTVLDQAETAG ARLWLATAT 1350 

PPGSVTVPHPNIEEVALSTTGEIPFYGKAIPLEVIKGGRHLIFCHSKKKC 1400 

- 1450 

DELAAKLVALGINAVAYYRGLDVSVIPTSGDVWVATDALMTGYTGDFDS 

T-Y RR 1500 

VIDCNTCVTQTVDFSLDPTFTIETITLPQDAVSRTQRRGRTGRGKPGIYR 

__T A S L 1550 

FVAPGERPSGMFDSSVLCECYDAGCAWYELTPAETTVRLRAYMKTPGLPV 

S A-D-F K — 1600 

CNDHLEFWEGVFTGLTHIDAHFLSQTKQSGENLPYLVAYQATVCARAQAP 

V 1 — 1650 

PPSWDQMWKCLIRLKPTLHGPTPLLYRLGAVQNEITLTHPVTKYIMTCMS 

ADLEVVTSTWVLVGGVTiAALAAYCLSTGCWIVGRVVLSGKPAIIPDREV 1700 

LYREFDEMEECSQHLPYI ENGMMLAENFKQKALGLLQTAS RQAEV IAPAV 1750 

QTNWQKLETFWAKHMWNFISGIQYLAGLSTLPGNPAIASLMAFTAAVTSP 1800 

LTTSQTLLFNILGGWVAAQLAAPGAATAFVGAGLAGAAIGSVGLGKVLID 1850 

ILAGWGAGVAGALVAFKIMSGEVPSTEDLVNLLPAILSPGALWGWCAA 1900 

I LRRHVGPGEGAVNWMNRL IAFASRGNHVSPTHYVPESDAAARVTAILS S 195 0 

LTVTQLLRRLHQWISSECTTPCSGSWLRDIWDWICEVLSDFKTWLKAKLM 2000 

PQLPGIPFVSCQRGYKGVWRVDG1MHTRCHCGAEITGHVKNGTMRIVGPR 2050 

TCRNMWSGTFPINAYTTGPCTPLPAPNYTFALWRVSAEEYVEIRQVGDFH 2100 

YVTGMTTDNLKCPCQVPSPEFFTELDGVRLHRFAPPCKPLLREEVSFRVG 2150 

LHEYPVGSQLPCEPEPDVAVLTSMLTDPSHITAEAAGRRLARGSPPSVAS 2200 

SSASQLSAPSLKATCTANHDSPDAELIEANLLWRQEMGGNITRVESENKV 2250 

VILDSFDPIiVAEEDEREISVPAEILRKSRRFAQALPVWARPDYNPPLVET 2300 
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WKKPDYEPPWHGCPLPPPKSPPVPPPRKKRTWLTESTLSTALAELATR 2350 

SFGSSSTSGITGDNTTTSSEPAPSGCPPDSDAESYSSMPPLEGEPGDPDL 2400 

SDGSWSTVSSEANAEDWCCSMSYSWTGALVTPCAAEEQKLPINALSNSL 2450 

LRHHNLVYSTTSRSACQRQKKVTFDRLQVLDSHYQDVLKEVKAAASKVKA 2500 

NLLSVEEACSLTPPHSAKSKFGYGAKDVRCHARKAVTHINSVWKDLLEDN 2 550 

VTP I DTT IMAKNEVFCVQPEKGGRKPARL I VFPDLGVRVCEKMALYD WT 2 600 

KLPLAVMGSSYGFQYSPGQRVEFLVQAWKSKKTPMGFSYDTRCFDSTVTE 2 650 

SDIRTEEAIYQCCDLDPQARVAIKSLTERLYVGGPLTNSRGENCGYRRCR 2700 

ASRASGVLTTSCGNTLTCYIKARAACRAAGLQDCTMLVCGDDLWICESA 2750 

GVQEDAASLRAFTEAMTRYSAPPGDPPQPEYDLELITSCSSNVSVAHDGA 2800 

GKR VYYLTRDPTTPLARAAWETARHTP VNS WLGN 1 1 MFAPTLWARMI LMY 2850 

HFF5VL I ARDQLEQALDCE IYGACYS IEPLDLPPI I QRL 2889 



Synthetic peptides have been increasingly used to map antigenic or immunogenic sites on the surface 
of proteins, an approach recently termed "site-directed-serology". The present inventor (Wang, C.Y.) and a 
colleague have taken this approach to identify and characterize highly antigenic epitopes on the envelope 
proteins of HIV and to develop sensitive and specific immunoassays for the detection of antibodies to HIV 
(previously designated HTLV-lll) (19-21). See also U.S. Patent 4,735,896, issued April 5, 1988 and U.S. 
Patent 4,879,212 issued Nov. 7, 1989, the contents of which are, hereby, fully incorporated by reference 
(22 T 23). Subsequently, a series of finely mapped and well-characterized HTLV-I/II related synthetic peptides 
were employed in the development of synthetic peptide-based diagnostic assays for the detection of HTLV- 
I II antibodies in infected individuals (24, 25). See also U.S. Patent 4,833,071 issued May 23, 1989, U.S.S.N. 
07297,635 filed January 13, 1989 and USSN 07'469,294 filed January 24, 1990. These assays have 
provided superior sensitivity, excellent specificity, and, in certain cases, an unmatched capability to 
differentiate infections with two closely related viruses, thus overcoming many of the existing problems 
associated with biologically-derived tests based on either viral lysate or recombinant DNA-derived protein. 

It is, therefore, an objective of the present invention to develop a detection or diagnostic procedure to 
identify and monitor HCV infection early in the disease cycle. 

Another objective is to develop a test procedure that is highly sensitive and accurate. 

A further objective is to chemically synthesize a test reagent which can then be used to detect the 
presence of antibodies to HCV in body fluids and diagnose NANBH. 

Another objective is to develop a vaccine which, when introduced into healthy mammals, including 
humans, will stimulate production of efficacious antibodies to HCV, thereby providing protection against 
HCV infection. 

A further objective is to provide a synthetic immunogen which can be used in mammals for the 
development of monoclonal and polyclonal antibodies to HCV. 
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BRIEF DESCRIPTION OF THE INVENTION 

55 

According to the present invention, a series of synthetic peptides representing immunodominant regions 
of the hepatitis C virus (HCV) proteins, each arranged in a specific sequence, has been identified and made 
by solid phase peptide synthesis. These peptides have been found to be useful in a highly sensitive and 
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accurate method for the early detection of antibodies to HCV in sera and body fluids and the diagnosis of 
non-A non-B hepatitis (NANBH). Because of their high immunoreactivity, it is expected that these peptides 
are also useful in stimulating production of antibodies to HCV in healthy mammals such as Balb/C mice, 
and in a vaccine composition to prevent HCV or NANBHV infection. 

According to the present invention, a peptide composition useful for the detection of antibodies to HCV 
and diagnosis of NANBH comprises a peptide selected from the group of peptides with the following 
sequences: 



(i) Glu-Glu-Cys-Ser -Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln- 
Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys~Ala- 
Leu-Gly-Leu-Leu-Gln~Thr-Ala-Ser-Arg-Gln-Ala~Glu- 
val-Ile-Ala-Pro-X (IE) 

{ ii) Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe- 
Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr- 
Ile-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys- 
Gln-Lys-Ala-Leu-Gly-Leu-X (II G) 

(iii) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu- 
Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-X (IIH) 

(iv) Cys-Val-Val-Ile-Val-Gly-Arg-Val-Val-Leu-Ser-Gly- 
Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr- 
Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu~Cys-Ser~Gln-His- 
Leu~Pro-Tyr-Ile-X (III f) 

(v) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu^ 
Ala-Glu-Gln-Phe-X (IV) 

(vi) Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser- 
Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro-Ala-Val-Gln-Thr- 
Asn-Trp-Gln-Lys-Leu-Glu-Thr-Phe-Trp-Ala-Lys-His- 
Mst-Trp-Asn-Phe-X (ve) 

(vii) Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln- 
Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser-Arg-Gln- 
Ala-Glu-Val-Ile-Ala-Pro-Ala-Val-Gln-Thr-Asn-Trp- 
Gln-Lys-Leu-Glu-Thr-X (VI e) 

(viii) Pro-Gly^Ala-Leu-Val-Val-Gly-Val-Val-Cys-Ala-Ala- 
Ile-Leu-Arg-Arg-His-Val-Gly-Pro-Gly-Glu-Gly«Ala- 
Val-Gln-Trp-Met-Asn-Arg-Leu-Ile-Ala-Phe-Ala~Ser- 
Arg-Gly-Asn-His-Val-Ser-Pro-X (VII) 

(ix) Ser-Thr-Ile-Pro-Lys-Pro-Gln-Arg-Lys-Thr-Lys-Arg- 
Asn-Thr-Asn-Arg-Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro- 
Giy-Gly-Gly-Gln-Ile-Val-Gly-Gly-Val-Tyr-Leu-Leu- 
Pro-Arg-Acg-Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr- 
Arg-Lys-Thr-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg- 

Arg-X, and (VIIl£ 
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(x) Gly-Arg-Arg-Gln-Pro-Ile-Pro-Lys-Val-Arg-Arg-Pro- 
Glu-Gly-Arq-Thr-Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp- 
Pro-Leu- TyrrGly-Asn-Glu^Gly-Cys-Gly-Trp-Ala-Gly- 
s Trp-Leu-Leu-Ser-Pro-Atg-Gly-Ser-Arg-Pro-Ser-Trp- 
Gly-Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu- 



10 wherein X is -OH or -NH2, and analogues, segments, mixtures, combinations, conjugates and polymers 
thereof. 

The amino acids in this application are abbreviated as shown herein below: 

A= Ala= alanine, 

R= Arg= arginine, 
15 D= Asp = Aspartic acid, 

N= Asn= asparagine, 

Q= Gln= glutamine. 

E= Glu= glutamic acid, 

L= Leu= leucine, 
20 K= Lys= lysine, 

H = His= histidine, 

T= Thr= threonine, 

G = Gly = glycine, 

l= lle= isoleucine, 
25 F= Phe= phenylalanine, 

S= Ser= serine, 

W= Trp= tryptophan, 

Y= Tyr= tyrosine, 

V= Val= valine, 
30 C= Cys= cysteine, 

P= Pro= proline 

An example of a combination is: Cys-Val-Val-lle-Val-Gly-Arg-Val-Val-Leu-Ser-Gly-Lys-Pro-Ala-lle-lle-Pro- 
Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Ph 
Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu^^ 
35 Pro-X wherein X is -OH or -NH2. An example of a segment of Peptide II is: Pro-Asp-Arg-Glu-Val-Leu-Tyr- 
Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu^ 

Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-X wherein X is -OH or -NH 2 (IIF). An example of a segment of Peptide III 

is: 

Ser-Gly-Lys-Pro-A!a-lle-lle-Prc^Asr>Arg-Glu^ 
40 Leu-Pro-Tyr-lle-X wherein X is -OH or -NH 2 (HID). An example of a segment of Peptide IX is Trp-Ala-Gln- 
p ro -G1y-Tyr-Prc^Tip-Pro-Leu^ 

Arg-Pro-Ser-Trp-Gly-Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu-Gly-X (IXC). 

The present invention also includes a highly sensitive and accurate method of detecting antibodies to 
HCV in body fluids and of diagnosing NANBH comprises the following steps: 
46 A. Preparing a peptide composition comprising a peptide selected from the group having the following 
amino acid sequences: 



50 



55 



(i) Glu-Glu-Cys-Ser^Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln- 
Gly-Met-Met-Leu-Ala~Glu-Gln-Phe-Lys-Gln-Lys-Ala- 
Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser-Arg-Gln-Ala-Glu- 
Val-Ile-Ala-Pro-X (IP) 

(ii) Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe- 
Asp-Glu-Met-Glu-Glu^Cys-Ser-Gln-His-Leu-Pro-Tyr- 
Ile-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys- 
Gln-Lys-Ala-Leu-Gly-Leu-X (IIS/ 
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(iii) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp~Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu- 
Ala-Glu-Gln-Phe-Lys-Gln-I*ys-Ala-Leu-Gly-Leu-X (HH) 

5 (iv) Cys-Val-Val-Ile-Val-Gly-Arg-Val-Val-Leu-Ser-Gly- 
Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr- 
Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His- 
Leu-Pro-Tyr-Ile-X (IIIF) 

1 o (v) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu- 
Ala-Glu-Gln-Phe-X ( IV) 

15 (vi ) Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser- 
Arg-Gln-Ala-Glu-val-Ile-Ala-Pro-Ala-Val-Gln-Thr- 
Asn-Trp-Gln-Lys-Leu-Glu-Thr-Phe-Trp-Ala-Lys-His- 
Met-Trp-Asn-Phe-X (ve) 

(vii) Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln- 
20 Lys«Ala-Leu-Gly-Leu-Leu^Gln-Thr-Ala-Ser-Arg-Gln- 
Ala-Glu-Val-Ile-Ala-Pro-Ala-Val-Gln-Thr-Asn-Trp- 
Gln-Lys-Leu-Glu-Thr-X (VI B) 



25 



(viii) Pro-Gly-Ala-Leu-Val-Val-Gly-Val-Val-Cys-Ala-Ala- 
Ile-Leu-Arg-Arg-His-Val-Gly-Pro-Gly-Glu~Gly-Ala- 
Val-Gln-Trp-Met-Asn-Arg-Leu-Ile-Ala-Phe-Ala-Ser- 
Arg-Gly-Asn-His-Val-Ser-Pro-X (VII) 



(ix) Ser-Thr-Ile-Pro-Lys-Pro-Gln-Arg-Lys-Thr-Lys-Arg- 
Asn-Thr-Asn-Arg--Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro- 
30 Gly-Gly-Gly-Gln-Ile-Val-Gly-Gly-Val-Tyr-Leu-Leu- 
Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr- 
Arg~Lys-Thr-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg- 
Arg-X r and (Villi*) 

35 (x) Gly-Arg-Arg-Gln-Pro-Ile-Pro-Lys-Val-Arg-Arg-Pro- 
Glu-Gly-Arg-Thr-Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp- 
Pro-Leu— Tyr-Gly-Asn-Glu-Gly-Cys-Gly-Trp-Ala-Gly- 
Trp-Leu-Leu-Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp- 
Gly-Pro-Thr-Asp~Pro-Arg-Arg-Arg-Ser-Arg~Asn~Leu- 
Gly-X (IXS) 

40 ' 



wherein X is -OH or -NH2, and analogues, segments, mixtures, combinations, conjugates and polymers 
thereof; and 

B. Using an effective amount of the peptide composition as the antigen in an immunoassay procedure. 
45 Further, according to the present invention, the peptides by themselves, or when coupled to a protein or 
a polymeric carrier of homo or hetero dimers or higher oligomers by use of homo or hetero functional 
multivalent cross linking reagents, or when directly synthesized and conjugated to a branching polyvalent 
lysine resin, can be used to elicit the production of antibodies to HCV in healthy mammals, including 
humans. 

50 The method comprises introducing an effective amount of the peptide composition containing each of 
the individual peptides, analogues or segments or a mixture or a combination thereof, or in a polymeric 
form, into the body of a healthy mammal by intraperitoneal or subcutaneous injection. 

Vaccines containing the peptides according to the present invention as the key immunogen may also 
be prepared. It is expected that such vaccine compositions may be useful to prevent HCV infection or 

55 NANBH. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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Figs. 1-1, 1-2, 1-3 and 1-4 show the amino acid sequences of the immunodominant region of a HCV 
non structural protein and precisely delineates the amino acid residues (underlined to show — marginal, 

moderate, and strong) that contribute to the immunoreactivities of these HCV peptides with 

four representative HCV antibody positive sera. The immunoreactivities were measured as absorbance at 
5 492nm by an EIA procedure. 

Rgs 2-1 and 2-2 are comparisons of the signal to cutoff ratio between the peptide based HCV-EIA 
employing only the non-structural protein sequence derived Peptide IIG of the present invention and that of 
the recombinant SOD/HCV C-100 protein based HCV-EIA. In Fig. 2-1 a well-characterized HCV antibody 
positive control at various serum dilutions was used as the test sample. In Fig. 2-2 a panel of serum 
10 specimens derived from serial bleedings of a single individual spanning a period of sero-conversion to anti- 
HCV reactivity were used as samples. 

Rgs. 3-1 and 3-2 depict the frequency distribution of the HCV-EIA positivity, using Peptide IIG, 
represented by the signal to cutoff ratios obtained with 264 normal serum and 264 normal plasma 
specimens from commercial sources. The mean s/c ratios for the negative (n=250) and screened out 
75 positive (i.e. n = 14) serum specimens are 0.034 and 7.202 respectively; and for the negative (n = 255) and 
positive (n = 9) normal plasma specimens the mean s/c ratios are 0.084 and 7.089 respectively. 

Rg. 4 is a histogram depicting the immunoreactivities of Peptide IIG with sera from individuals: (a) 
positive for HBsAg, (n = 50); (b) positive for antibodies to HBc protein, (n = 39); (c) with elevated (>100 LU./L) 
alanine aminotransferase (ALT) enzyme activity, (n = 174); (d) positive for antibodies to retroviruses HIV-1 
20 (n = 100), HIV-2 (n = 10), HTLV-I/II (n = 14); all asymptomatic, (total n = 124); (e) with AIDS, ARC (N = 200) or 
ATL (n = 170) disease, (total n = 270); and (f) with autoimmune disease (n = 20). 

Rg. 5 provides a comparison between EIA results using the Peptides IIF and HID of the present 
invention and recombinant SOD/HCV C-100 as represented by their respective s/c ratios on a panel of 
repeatably reactive specimens (n=23) obtained from a random donor population. 
25 Rgure 6 provides a comparison between a passive hemagglutination assay (PHA), using Peptide IIG, 
and the recombinant SOD/HCV C-100 EIA as represented by their respective P/C and s/c ratios for a panel 
of SOD/HCV C-100 HCV EIA repeatably reactive specimens (n = 20) obtained from a random donor 
population. For results obtained by the PHA, the agglutination pattern is quantitated by a specially designed 
optical reading instrument (manufactured by Olympus Corporation) where a P/C ratio of larger than 20 is 
30 considered negative whereas a P/C ratio of less than 20 is considered positive. 

Rgure 7-1 provides a study of serum samples collected over a ten year period of time from a NANBH 
patient who sero-converted after receiving HCV infected blood. The samples wore tested by two EIA 
formats designated as A (coated with Peptides IIF and HID at 5 ug/mL each) and B (coated with Peptides 
IIF, HID and V at 5 ug/mL each) for comparison. The serum samples were provided by Dr. H. Alter of NIH. 
35 Rgure 7-2 provides a kinetic study with serum samples, kindly provided by Dr. C. Stevens of New York 
Blood Center, from a hemodialysis patient who sero-converted and contracted NANBH. These were tested 
by EIA format B (coated with peptides IIF, HID and V at 5 ug/mL each). 

Rgure 7-3 provides a second kinetic study with serum samples, kindly provided by Dr. D. Bradley of 
Center for Disease Control, from a chimpanzee which sero-converted after being inoculated with a well- 
40 characterized strain of HCV and contracted NANBH, also tested by EIA format B. 

Rgures 8-1 and 8-2 depict the signal/cutoff ratio frequency distribution of both negative and positive 
serum specimens by a HCV-EIA format B. The results were obtained using 2035 low risk random blood 
donor specimens screen tested in a blood bank setting. 

Rgure 9 illustrates the inhibition by Peptide IV (an analogue) of binding of HCV specific antibodies to 
45 plates coated with peptides HD and IMF at 5 ug/mL each at various peptide IV concentrations. 

Rgure 10 provides a comparison between the peptide based HCV EIA (coated with Peptide IIH and VE 
at 10 and 5 ug/mL respectively) and recombinant protein based HCV EIA using samples from 74 
hemodialysis patients, kindly provided by investigators at the Japanese National Institute of Health. 

Rgures 11-1, and 11-2 show the amino acid sequences of an immunodominant region of the postulated 
so HCV structural (core or nucleocapsid) protein and precisely delineates the amino acid residues that 
contribute to the immunoreactivities of these HCV peptides with four representative HCV antibody positive 
sera (Samples 1-4). The immunoreactivities were measured as absorbance at 492nm by an EIA procedure. 

Rgure 12-1, 12-2 and 12-3 are histograms depicting the frequency distribution of HCV positivity in 221 
sera from individuals: (a) with AIDS, ARC (n = 63); (b) positive for HBsAg, (n=50); (c) positive for antibodies 
55 to HBc protein, (n = 22); (d) with elevated (>100 I.U./L) alanine aminotransferase (ALT) enzyme activity, 
(n = 86) tested using three HCV EIA formats using Peptides IIH, VE and VIHE at 5, 3, and 2 ug/mL 
respectively (Format C); Peptides VIHE, and IXD at 2 and 2 ug/mL each (Format D), and Peptides IIH and 
VE at 5 and 3 ug/mL each (Format A). 
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Figures 13-1, 13-2, 13-3. 13-4, 13-5, and 13-6 depict the signal to cutoff ratio frequency distribution of 
HCV positivity in low risk random donor specimens using three HCV-EIA Formats, A (13-1 and 13-2), C (13- 
3 and 13-4), and D (13-5 and 13-6). The results were screen tested in a blood bank setting- 
Figure 14-1 provides a study of serum samples collected over a ten year period of time from a NANBH 
5 patient who sero-con verted after receiving HCV infected blood. The samples were tested by a third EiA 
format designated as C (coated with Peptides IIH, VE, and VIIIE at 5, 3 and 2 ug/mL respectively) in 
comparison to two other EIA formats (designated as A and B.) 

Figure 14-2 provides another kinetic study with serum samples, kindly provided by Dr. D. Bradley of 
Center for Diseases Control, from a chimpanzee which sero-converted after being inoculated with a well- 
w characterized strain of HCV and contracted NANBH. These samples were tested by the HCV EIA Format C, 
in comparison to a RIA using rDNA based HCV C-100 protein as the antigen. The ALT levels are also 
indicated with each bleed as a reference parameter. 

Figures 15-1 and 15-2 both provide a side-by side data comparison via x-y plots with samples from 
hemodialysis patients, kindly provided by investigators at the Japanese National Institute of Health. The 
is results were obtained by using the peptide based HCV EIA Format C (coated with peptides derived from 
both the structural and non-structural proteins containing IIH, VE and VIIIE at 5, 3, and 2 ug/mL 
respectively), HCV EIA Format A (coated with peptides derived from the nonstructural protein region 
containing IIH and VE at 5 and 3ug/mL respectively), and the recombinant HCV C-100 protein based EIA. 
The amino acids in the drawings and tables are abbreviated using the art accepted single letter codes 
20 as follows: 



A=Ala = 


alanine, 


R = Arg = 


arginine. 


D = Asp = 


aspartic acid. 


N = Asn = 


asparagine, 


Q = Gln = 


glutamine, 


E = Glu = 


glutamic acid, 


L = Leu = 


leucine, 


K = Lys = 


lysine, 


H = His = 


histidine, 


T = Thr = 


threonine, 


G = Gly = 


glycine, 


l = lle = 


isoleucine, 


F = Phe = 


phenylalanine, 


S = Ser= 


serine, 


W = Trp = 


tryptophan, 


Y = Tyr= 


tyrosine, 


V = Val = 


valine, 


C = Cys = 


cysteine, 


P = Pro = 


proline, 


M = Met = 


methionine 



DETAILED DESCRIPTION OF THE INVENTION 

In accordance with the present invention, three peptides and their segments have been chemically 
45 synthesized for the detection of antibodies to HCV in body fluids, the diagnosis of NANBH, and for the 
vaccination of healthy mammals by stimulating the production of antibodies to HCV. These peptides are 
arranged in the following sequences: 
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(i) Glu-Glu-Cys-Ser- Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln- 
Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala- 
Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser-Arg-Gln-Ala-Glu- 
Val~Ile-Ala-Pro-X (IF) 

(ii) Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe- 
Asp-Glu-Met-Glu^Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr- 
Ile-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys- 
Gln-Lys-Ala-Leu-Gly-Leu-X (US) 

(iii) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu- 
Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-X (IIH) 

(iv) Cys-Val-Val-Ile-Val-Gly-Arg-Val-Val~Leu-Ser-Gly- 
Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr- 
Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His- 
Leu-Pro-Tyr-Ile-X (II IF) 

(v) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu^et-Glu-Glu-Cys-Ser- 
Gln-His-LeU"Pro»Tyr-Ile-Glu-Gln-Gly-Met»Met-Leu- 
Ala-Glu-Gln-Phe~X ( IV) 

(vi) Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser- 
Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro-Ala-Val-Gln-Thr- 
Asn-Trp-Gln-Lys-Leu-Glu-Thr-Phe-Trp-Ala-Lys-His- 
Met-Trp-Asn-Phe-X (VE) 

(vii) Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln- 
Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser-Arg-Gln- 
Ala-Glu-Val-Ile-Ala-Pro-Ala-Val-Gln-Thr-Asn-Trp- 
Gln-Lys-Leu-Glu-Thr-X (VI E) 

(viii) Pro-Gly-Ala-Leu-Val-Val-Gly-Val-Val-Cys-Ala-Ala- 
Ile-Leu-Arg-Arg-His-Val-Gly-Pro-Gly-Glu-Gly-Ala- 
Val-Gln-Trp-Met-Asn-Arg-Leu-Ile-Ala-Phe-Ala-Ser- 
Arg-Gly-Asn-His-Val-Ser-Pro-X (VII) 

(ix) Ser-Thr-Ile-Pro-Lys-Pro-Gln-Arg-Lys-Thr-Lys-Arg- 
Asn-Thr-Asn-Arg-Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro- 
Gly-Gly-Gly-Gln-Ile-Val-Gly-Gly-Val-Tyr-Leu-Leu- 
Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr- 
Arg-Lys-Thr-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg- 

Arg-X, and (VIIl£) 

(x) Gly-Arg~Arg-Gln-Pro-Ile~Pro-Lys-Val-Arg-Arg-Pro- 
Glu-Gly-Arq-Thr-Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp- 
Pro-Leu-Tyr -Gly-Asn-Glu-Gly-Cys-Gly-Trp-Ala-Gly- 
Trp-Leu-Leu-Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp- 
Gly-Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu- 

Gly-X (IXE) 



wherein X is -OH or -NH 2 . 

These peptides may comprise combinations or segments, i.e. longer or shorter peptide chains by 
having more amino acids added to the terminal amino acids, or by amino acids removed from either 
terminal end. 

These peptides may also comprise analogues to accommodate strain-to-strain variations among 
different isolates of HCV. HCV is indicated to have frequent mutations. Therefore, it is expected that variant 
strains, such as J-1 and J-4 (see reference #27), exist. Adjustments for conservative substitutions and 
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selection among the alternatives where non-conservative substitutions are involved, maybe made in the 
prescribed sequences. It is expected that as long as the peptide's immunoreactivity recognizable by the 
antibodies to HCV is preserved, analogues of the synthetic peptide may also comprise substitutions, 
insertions and/or deletions of the recited amino acids of the above sequence. 

s These peptides may also comprise conjugates, i.e., they may be coupled to carrier proteins such as 
bovine serum albumin (BSA) or human serum albumin (HSA). Furthermore, these peptides may comprise 
polymers, i.e.. they may be synthesized on a polymeric resin, such as a branching octameric lysine resin. 

The amino acid sequences of the polypeptides useful as test reagents for the detection of antibodies to 
HCV in body fluids and diagnosis of NANBH are selected to correspond to a partial segment of the amino 

io acid sequence of the HCV proteins: a non-structural protein designated as HCV 0100(18), and a structural 
protein such as the core (nucleocapsid) protein (27). 

In selecting regions of the HCV protein for epitope analysis, peptides in the 40mer size range with 
amino acid sequences covering the complete HCV O100 protein and the postulated core protein were 
synthesized. These were tested for their immunoreactivity with serum from a patient positively diagnosed 

15 with HCV infection. Six overlapping peptides from the HCV C-100 protein region designated as I, IK III, IV, V 
and VI and two adjacent peptides form the postulated core protein region designated as VIII and IX were 
identified to have specific immunoreactivity with the positive HCV serum. Another peptide VII and its 
fragments, C-terminal to this immunodominant region, was also found to have moderate immunoreactivity 
with a sub population of HCV positive sera. See Example 12. Peptide IIH, another analogue of Peptide II, 

20 with five additional amino acids to the N-terminus has been found to be highly immunogenic and contains 
an additional epitope recognizable by antibodies in sera from patients with acute phase NANBHV infection 
(with elevated ALT levels). The amino acid sequences of the peptides are as follows: 



25 



30 



35 



40 



(i) Glu-Glu-Cys-Ser— Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln- 
Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys~Gln-Lys-Ala- 
Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser-Arg-Gln-Ala-Glu- 
Val-Ile-Ala~Pro-X <U=2 

(ii) He-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe- 
Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr- 
Ile-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys- 
Gln-Lys-Ala-Leu-Gly-Leu-X <HG) 

(iii) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu- 
Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-X ( IIH) 

(iv) Cys-Val-Val-Ile-Val-Gly-Arg-Val-Val-Leu-Ser-Gly- 
Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr- 
Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His- 
Leu-Pro-Tyr-I le-X (HIP) 



45 



50 



55 
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( V ) Ser-Gly-Lys-Pro-Ala-Ile-Ile^Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro~Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu- 
Ala-Glu-Gln-Phe-X (IV) 

( vi) Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser- 
Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro-Ala-val-Gln-Thr- 
Asn-Trp-Gln-Lys-Leu-Glu-Thr-Phe-Trp-Ala-Lys-His- 
Met-Trp-Asn-Phe-X (Ve) 

(vii) Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln- 
Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser-Arg-Gln- 
Ala-Glu-Val-Ile-Ala-Pro-Ala-Val-Gln-Thr-Asn-Trp- 
Gln-Lys-Leu-Glu-Thr-X (VIE) 

(viii) Pro-Gly-Ala^Leu-Val-val-Gly-Val-Val-Cys-Ala-Ala- 
Ile-Leu-Arg-Arg^His-val-Gly-Pro-Gly-Glu T Gly-Ala- 
Val-Gln-Trp-Met-Asn-Arg-Leu-Ile-Ala-Phe-Ala-Ser- 
Arg-Gly-Asn-His-Val-Ser-Pro-X (VII) 

<ix) Ser-Thr-Ile-Pro-Lys-Pro-Gln-Arg-Lys-Thr-Lys-Arg- 
Asn-Thr-Asn-Arg-Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro- 
Gly-Gly-Gly-Gln-Ile-Val-Gly-Gly-Val-Tyr-Leu-Leu- 
Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr- 
Arg-Iiys-Thr-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg- 
Arg-X, and (VIII(J 

(x) Gly-Arg-Arg*Gln-Pro-Ile-Pro-Lys-Val-Arg-Arg-Pro- 
Glu~Gly-Arg-Thr-Trp-Ala-Gln-Pro-Gly-Tyr-Pro~Trp- 
Pro-Leu-Tyr-Gly-Asn-Glu-Gly-Cys-Gly-Trp-Ala-Gly- 
Trp-Leu-J^eu-Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp- 
Gly-Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu- 
Gly-X UXE) 



The six peptides IE, IIG. IMF, IV, VE and VIE span a region of 90 amino acids: 



Cys-Val-Val-Ile-Val-Gly-Arg-Val-Val^Leu-Ser-Gly-Lys-Pro-Ala-Ile- 
Ile-Pro-Asp-Arg-Glu-Val»Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu- 
Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu- 
Gin- Phe*Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser-Arg-Gln- 
Ala-Glu-Val-Ile-Ala-Pro-Ala-Val-Gln-Thr-Asn-Trp-^Gln-Lys-Leu-Glu- 
Thr-Phe-Trp-Ala-Lys-His-Met-Trp^Asn-Phe Cx) 



and were found to have specific immunoreactivity with the positive control serum. Table 1 shows the amino 
acid sequence of this immunodominant region of the HCV protein, and presents the amino acid sequence of 
the six chemically synthesized peptides, designated as I to VI and segments (A to H) thereof. 

Another two peptides (VIIIE and IXE)spanning a region of 119 amino acids located inside the 5* terminal 
of the postulated HCV core protein: 
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Ser-Thr-Ile-Pro-Lys-Pro-Gln-Arg-Lys-Thr-Lys-Arg-Asn-Thr-Asn-Arg^ 
Arg-Pro-Gln-Asp-Val-Lys-Phe^Pro-Gly»Gly-Gly-Gln-Ile-Val-Gly-Gly- 
Val-Tyr-Leu-Leu-Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala— Thr- 
Arg-Lys-Thr-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg-Arg-Gln-Pro-Ile- 
Pro-Lys-Val-Arg-Arg-Pro-Glu«Gly-Arg-Thr-Trp-Ala^Gln-Pro-Gly-Tyr- 
Pro-Trp-Pro-Leu- T^r^Gly-Asn«Glu-Gly-Cys-Gly-Trp-Ala -Gly-Trp-Leu- 
Leu-Ser^Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp-Gly-Pro-Thr-Asp-Pro-Arg- 
Arg-Arg-Ser-Arg-Asn-Leu-Gly-X _ A 



were found to have specific immunoreactivity with a representative panel of well-characterized HCV 
antibody positive sera. 

Table 7 shows the amino acid sequence of this immunodominant region of the postulated HCV core 
protein, and presents the amino acid sequence of the ten chemically synthesized peptides. They were 
75 designated, as Peptides VIII and IX with segments (A to D) thereof. Each of these peptides was coated at 
5ug.mL in a 10mM sodium bicarbonate buffer (pH 9.5) onto polystyrene microwell plates and tested in a 
three step 45 minute enzyme immunoassay. 
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procedure, described hereinbelow, with a panel of HCV antibody positive sera, each selected as representa- 
tive of a particular clinical population, at various serum dilutions. Calculations based on the overall El A 
absorbance of all positive sera yielded an array of immunoreactivity indices represented as % relative 
immunoreactivity for each of the synthetic HCV peptides. Three peptides, designated as IIF, IIH and HID, 
being 40 mer, 47 mer and 30 mer in size, with the following amino acid sequence respectively: 
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Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu- 
Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu- 
Gln-Gly^MetrMet-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys- 
Ala-Leu-Gly-Leu 



(IIF) 



10 



Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr^Ile-Glu-Gln-Gly-Met-Met-Leu- 
Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu 

and 



(IIH) 



75 



Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile 



(HID) 



were found to have the highest immunoreactivity with the sera panel. The relative (%) immunoreactivity for 
each of the 40 HCV peptides listed in Tables 1 and 7, as a result of this extensive epitope mapping study, 
provides a basis for the delineation of several clusters of amino acid residues (as underlined), each in a 
20 prescribed sequence, that are involved in or relevant to the antigenic configuration of the HCV peptides. 
Two peptides, designated as VIIIE and IXD being 61mer and 56mer in size are respectively located within 
the HCV structural core protein region with the following amino acid sequences: 



25 Ser-Thr-Ile-Pro-Lys-Pro-Gln-Arg-Lys-Thr-Lys-Arg-Asn- 
Thr-Asn-Arg-Arg-Pro-Gln-Asp^Val-Lys-Phe-Pro-Gly-Gly- 
Gly-Gln-Ile-Val-Gly-Gly-Val-Tyr-Leu-Leu^Pro-Arg^Arg- 
Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr-Arg-Lys^Thr«Ser- 
Glu-Arq-Ser-Gln-Pro-Arg-Gly-Arg-Arg-X 

30 

Ile«Pro-Iiys-Val-Arg-Arg-Pro-GXu- 
Gly-Arg-Thr-Trp-Aia-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu- 
Tyr-Gly-Asn-Glu^Gly-Cys-Gly-Trp-A la-Gly-Trp-Leu-Leu- 
Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp-Gly-Pro-Thr-Asp- 
Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu-Gly-X 

35 

Peptides XIIIE and IXD were also found to have the highest reactivity in this region. 

Assays for antibodies to HCV based upon chemically synthesized peptides show several advantages 
over assays utilizing biologic based immunoadsorbents. The peptides can easily be synthesized in gram 

40 quantities by using automated solid-phase methods, thus providing a reproducible antigen of high integrity 
with consistent yields. The presence of other antigens from biological systems precludes such reproduc- 
ibility. More importantly, non-specific reactivities seen in uninfected individuals are likely to be due to the 
heterogeneity of the preparations used for assay. This is particularly true for assays using biologically based 
immunoadsorbents- In these processes, the host antigens are frequently co-purified with the desired viral 

46 protein(s). Antibodies to these contaminating antigens are frequently found in normal individuals, thus 
resulting in false-positive results. 

The assay of the present invention clearly minimizes such false-positive reactions as encountered in the 
other assay systems and, at the same time, shows a high sensitivity to truly positive sera by the 
substantially increased signal-to-noise ratio. This increased signal-to-noise ratio probably resulted from the 

so purity of the immunoadsorbent. The assay of the present invention is also highly specific, in that the mean 
S/C ratios for HCV carriers are about 80-200 times the mean S/C of those of the non-infected individuals. 
For a representative example, see Figs. 3-1 and 3-2. 

The peptides useful as solid phase immunoadsorbents for the detection of antibodies to HCV were 
synthesized by the "classical" Merrifield method of solid phase peptide synthesis using side chain 

55 protected t-Boc-amino acids to correspond to the following amino acid sequences: 



(VIIIE) 



<IXD) 
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(i) Glu-Glu-Cys-Ser— Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln- 
Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lyg-Ala- 
Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser-Arg-Gln-Ala-Glu- 
Val-Ile-Ala-Pro-X (IF) 

( i i ) I le-I le-Pro-Asp-Arg-Glu-Va 1-Leu-Tyr^Arg-Glu-Phe- 
Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr- 
Ile-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys- 
Gln-Lys-Ala-Leu-Gly^Leu-X (US) 

(iii) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr^Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu«Pro-Tyr-Ile-Glu-Gln-Gly«Met-Met-Leu- 
Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-X (IIH) 

(iv) Cys-Val-Val-Ile-Val-Gly-Arg-Val-Val-Leu-Ser-Gly- 
Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr- 
Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His- 
Leu-Fro-Tyr-Ile-X (IHFj 

(v) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr^Arg-Glu-Phe-Asp-Glu-Met-Glu«Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu- 
Ala-Glu-Gln-Phe-X (IV) 

(vi) Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser- 
Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro-Ala-Val-Gln-Thr- 
Asn-Trp-Gln-Lys-Leu~Glu-Thr-Phe-Trp-Ala-Lys-His- 
Met-Trp-Asn-Phe-X (VE) 

(vii) Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln- 
Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser-Arg-Gln- 
Ala-Glu-Val-Ile-Ala-Pro-Ala-Val-Gln-Thr-Asn-Trp- 
Gln-Lys-Leu-Glu-Thr-X (VIE) 

(viii) Pro-Gly-Ala-Leu-Val-Val-Gly-Val-Val-Cys-Ala-Ala- 
Ile-Leu-Arg-Arg-His-Val-Gly-Pro-Gly-Glu-Gly-Ala- 
Val-Gln-Trp-Met-Asn-Arg-Leu-Ile-Ala-Phe-Ala-Ser- 
Arg-Gly-Asn-His-Val-Ser-Pro-X (VII) 



( ix) Ser-Thr-I le-Pro-Lys-Pro-Gln-Arg-Lys-Thr-Lys-Arg- 
Asn -Thr-Asn-Arg-Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro- 
Gly-Gly-Gly-Gln-Ile-Val-Gly-Gly-Val-Tyr-Leu-Leu- 
Pro-Arg-Arg-G ly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr- 
Arg-Lys-Thr-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg- 

Arg-X, and (Vlll£) 

(x) Gly-Arg-Arg-Gln-Pro-Ile-Pro-Lys-Val-Arg-Arg-Pro- 
Glu-Gly-Arg-Thr-Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp- 
Pro-Leu- Tyr«Gly-Asn-Glu-Gly-Cys-Gly-Trp-Ala-Gly- 
Trp-Leu-Leu-Ser-Pro-Arg-Gly-Ser-Ara-Pro-Ser-Trp- 
Gly-Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn^Leu- 

Gly-X (IXE) 



wherein X is -NH 2 . 

Other analogues, segments and combinations of these peptides may be prepared by varying the amino 
acid sequences either by adding, subtracting, substituting, or deleting desired t-Boc-amino acid(s). 

Following completion of assembly of the desired blocked peptide on the resin, the peptide-resin is 
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treated with anhydrous hydrofluoric acid to cleave the peptide from the resin. Functional groups of amino 
acids which are blocked during synthesis by benzyl-derived blocking groups are also cleaved from the 
peptide simultaneously. The free peptide is then analyzed and purified by high performance liquid 
chromatography (HPLC) and characterized biochemically by amino acid analysis. 

5 Longer peptides with more than about 50 amino acids may also be prepared conveniently using well 
known recombinant methods. The known nucleic acids codons for each of the amino acids in the peptide 
may be utilized and synthetic genes encoding such peptides constructed. The synthetic gene may be 
inserted into vector constructs by known techniques, cloned and transfected into host cells, such as E. coli, 
or yeast. The secreted polypeptide may then be processed and purified according to known procedures. 

70 The peptides synthesized according to the above described procedures are highly reactive with antibodies 
to HCV and can be used as a highly sensitive and specific immunoadsorbent for the detection of antibodies 
to HCV. 

Figs. 1-1, 1-2, 1-3 and 1-4 and Figs 11-1 and 11-2 show the amino acid sequences of the im- 
munodominant regions of HCV proteins, both structural and non-structural, and precisely delineates, in the 

75 case of the non-structural protein HCV C-100 region, the underlined amino acid residues that contribute 

(—marginally, moderately, or strongly) to the immunoreactivities, measured at A492nm by a 

peptide based El A procedure of these HCV peptides with four representative HCV antibody positive sera. 

The peptide based EIA procedure used to measure the immunoreactivity of each peptide is as follows. 
100uL per well of each of the peptides was coated at 5ug/mL in a pH 9.5 sodium bicarbonate buffer (10mM) 

20 onto a polystyrene microwell plate and the microwell plate was incubated at 37* C for about an hour, 
washed and dried. The test serum samples were diluted with PBS containing normal goat serum, gelatin 
and TWEEN 20. 200uL of the test serum sample solution was added to each well and allowed to react for 
15 mins. at 37* C. The wells were washed, enzyme labelled antibodies were used to bind the HCV- 
antibody-peptide complex, and the plate was incubated for another 15 min. A color developer, e.g. 

25 orthophenylenediamine (OPD), was then added. The reaction was stopped after 15 min by the addition of 
50uL 1.0M H2SO+, and the absorbance of the reaction mixture was read at 492nm with an ELISA reader. 

As demonstrated in Rg. 1-1, serum sample 1 has little reactivity with Peptide IA and IB. However, its 
reactivity with Peptide IC increases significantly, followed by a marginal increase with peptide ID, and 
additional increases with Peptides IE and IF. This indicates that in the HVC Peptide I series, two clusters of 

30 amino acid residues, namely Leu-Ala-Glu-Gln-Phe (LAEQF) and His-Leu-Pro-Tyr-lle (HLPYI), are contribut- 
ing to the antigenic determinant(s) of the HCV Peptide I. Similarly, a cluster of residues rarely Glu-Glu-Cys- 
Ser-Gln-His-Leu-Pro-Tyr-lle (EECSQHLPYI) is contributing to the immunoreactivity of the HCV Peptide II 
series; another cluster of residues namely Ser-Gly-Lys-Pro-Ala-lle-lle-Pro-Asp-Arg (SGKPAIIPDR) is contri- 
buting to the immunoreactivity of HVC Peptide III series and two clusters of residues, namely Gly-Leu-Leu- 

35 Gln-Thr (GLLQT) and Glu-Val-lle-Ala-Pro (EVIAP) are contributing to the immunoreactivity by HCV Peptides 
IV and V series. As shown on the bottom of Fig.1-1, a total of six spaced clusters of amino acid residues 
representing discontinuous epitopes in this immunodominant region of the HCV protein are identified as 
contributing to the specific HCV immunoreactivity with serum sample 1. 

Figure 1-2 illustrates an immunoreactivity profile for serum sample 2 when tested on a total of 31 

40 overlapping peptides in the HCV Peptide I, II, III, IV, V and VI series. There is a clear difference between the 
immunoreactivity profiles of serum samples 1 and 2. The immunodominant epitope, as marked by residues 
Ser-Gly-Lys-Pro-Ala (SGKPA) and lle-lle-Pro-Asp-Arg-Glu-Val (IIPDREV) is located towards the N-terminus 
of the region. 

Figure 1-3 illustrates an immunoreactivity profile for serum 3 when tested on the same 31 HCV peptide 
46 panel. Through this extensive epitope mapping analysis, serum sample 3 was found to have a similar 
immunoreactivity profile to that of serum sample 2. 

Figure 1-4 illustrates an immunoreactivity profile for serum sample 4 which differs significantly from that 
of sample 2 and 3, while maintaining some similarity to that of sample 1. 

In summary, epitope mapping analysis conducted with a series of 31 overlapping peptides covering an 
50 immunodominant region of the HCV non-structural protein, which spans a total of 90 amino acid residues as 
illustrated in Table 1, and an immunodominant region of the HCV structural core protein, which spans a total 
of 119 amino acid residues as illustrated in Table 7, reveals a varying degree of immunoreactivity among 
different HCV antibody positive samples and these HCV peptides. Based on overall EIA absorbance 
readings obtained with a panel of eight HCV positive sera with each of these 31 HCV peptides (Table 2), a 
55 relative (%) immunoreactivity index is established for each of the peptides and several clusters of amino 
acid residues are identified as contributing strongly, as in the cases of lle-lle-Pro-Asp-Arg-Glu-Val-Leu-Tyr- 
Arg and Glu-Val-lle-Ala-Pro; moderately, as in the cases of Ser-Gly-Lys-Pro-Ala, Glu-Val-Leu-Tyr-Arg-Glu- 
Phe, Cys-Ser-Gln-His-Leu-Pro-Tyr-lle-Glu-Gln-Gly; and Leu-Ala-Glu-Gln-Phe-Lys-GIn; or marginally, as in 
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the case of Lys-Gln-Lys-Ala-Leu, to the HCV immunoreactivity. 

Similarly, the relative immunoreactivity of Peptide VINE and IXE and their analogue-segments are 
presented in Table 7. 
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Based on the above-mentioned epitope mapping study, four representative ElAs were configurated 
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using Peptide IIG alone, a mixture of two Peptides IIP and HID, a mixture of HF, HID and VE or a mixture of 
IIH and VE as the solid phase antigen. 

Figs. 2-1 and 2-2 depict the comparison, by signal to cutoff ratio, between the peptide based HCV-EIA 
employing Peptide IIG, at 5 ug/mL coating concentration, and that of recombinant SOD/HCV C-100 protein 
5 based HCV-EIA. In Rg. 2-1, a well-characterized HCV antibody positive control at various serum dilutions 
was used as the sample. In Fig 2-2, a panel of serum specimens derived from serial bleedings of a single 
individual spanning a period of sero-conversion to anti-HCV reactivity was used. Similar dilution titers and 
equal ability to identify date of sero-conversion, the two parameters indicative of the sensitivity of each 
assay, are obtained with the synthetic peptide based EIA according to the present invention and rDNA HCV 
w C-100 based EIA, except that the peptide based assay according to the present invention is more sensitive, 
conferring a higher signal to cutoff ratio to its positive specimens, 

Rg. 3-1 and 3-2 depict the frequency distribution of the synthetic peptide based HCV-EIA signal to 
cutoff ratios, using Peptide IIG at 5ug/mL as the coating concentration, obtained with 264 normal serum and 
264 normal plasma specimens from commercial sources. The mean s/c ratios for the negative (n = 250) and 
15 screened out positive (i.e. n = 14) serum specimens are 0.034 and 7.202 respectively; for the negative 
(n=255) and positive (n=9) normal plasma specimens the mean ratios are 0.084 and 7.089 respectively. A 
sharp contrast between the screened out positives and all the negatives is obtained with the peptide based 
HCV-EIA of the present invention. 

Based on the high degree of sensitivity and specificity of the peptide compositions according to the 
20 present invention in their immunoreactivities to antibodies to HCV, it is believed that the peptide composi- 
tions according to the present invention may also be useful as vaccines to prevent NANBH, and as 
immunogens for the development of both monoclonal and polyclonal antibodies to HCV in mammals, 
including humans. The peptide compositions when coupled to a protein, or synthesized on a poly marie 
carrier resin (e.g., an octameric branching lysine resin) or when polymerized to homo or hetero dimers or 
25 higher oligomers by cysteine oxidation, induced disulfide cross linking, or by use of homo or hetero 
functional multivalent cross linking reagents, can be introduced to normal subjects to stimulate production of 
antibodies to HCV in healthy mammals. 

The advantages of using the peptides according to the present invention are many. 
Since the peptide compositions according to the present invention are not derived biologically from the 
30 virus, there is no danger of exposing the normal subjects who are to be vaccinated to the disease. 

The peptides can be chemically synthesized easily. This means that there is no involvement with the 
HCV at any time during the process of making the test reagent or the vaccine. Another problem which can 
be minimized by the process of the present invention is the false positive results caused by the presence of 
antigenic materials from host cells co-purified with the HCV fusion protein. Certain normal individuals have 
35 antibodies to E. Coli or yeast proteins which are cross reactive with the antigenic materials from host cells. 
Sera from these normal individuals may show a positive response in the immunoassays. 

Further, with appropriate amino acid modifications or substitutions, it is expected that various peptide 
analogues based on the prescribed amino acid sequence can be synthesized with properties giving rise to 
lower background readings or better binding capacity to solid phases useful for HCV antibody screening 
40 assays. 

Moreover, because the peptide compositions of the present invention are synthetically prepared, the 
quality can be controlled and as a result, reproducibility of the test results can be assured. Also, since very 
small amounts of peptides are required for each test procedure, and because the expense of preparing the 
peptides is relatively low, the cost of screening body fluids for antibodies to HCV, diagnosis of NANBH 

45 infection, or the preparation of a vaccine is relatively low. 

The peptides prepared in accordance with the present invention can be used to detect HCV infection 
and diagnose NANBH by using them as the test reagent in an enzyme-linked immunoadsorbent assay 
(ELISA), an enzyme immunodot assay, an agglutination based assay, or other well-known immunoassay 
devices. The preferred method is ELISA. The ELISA technique is exemplified in Examples 1, 2, 8-10, 12 

so and 14-18 and the agglutination based assay in Examples 3 and 4. The Examples are used to illustrate the 
present invention and are not to be used to limit the scope of the invention. 

It is to be noted that in the following methods, 0.25% by weight of glutaraldehyde may be added to the 
coating buffer to facilitate better peptide binding onto the plates or beads. Further, horseradish peroxidase 
(HRPO) conjugated mouse monoclonal anti-human IgG antibody or the HRPO conjugated second antibodies 

55 from any other animal species may be used in place of the HRPO-conjugated goat anti-human IgG as the 
second antibody tracer. 

The gelatin used in these processes can include caif skin gelatin, pig skin gelatin, fish gelatin or any 
known available gelatin proteins, or be replaced with albumin proteins. 
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EXAMPLE 1 

Measurement of Relative (%) Immunoreactivity for synthetic peptide covering an immunodominant region of 
the HCV protein C-1 00 by~an ^yme-LinkedlmTnunosorbent Assay 

5 

Wells or 96-well plates were coated at 4°C overnight (or 1 hour at 37* C), with each of the thirty one 
peptides: IA to IF, IIA to IIH, MIA to IMF, IV, VA to VE VIA to VIE (see Table 1) prepared as described at 5 
ug^mL at 100 uL per well in 10mM NaHCC>3 buffer, pH 9.5. The peptide coated wells were then incubated 
with 250 uL of 3% by weight of gelatin in PBS at 37 *C for 1 hour to block non-specific protein binding 

io sites, followed by three washes with PBS containing 0.05% by volume of TWEEN 20 and then dried. The 
test specimens were diluted with PBS containing 20% by volume normal goat serum, 1% by weight gelatin 
and 0.05% by volume TWEEN 20 at dilutions of 1:20 volume to volume, respectively. 200 uL of the diluted 
specimens were added to each of the wells and allowed to react for 15 minutes at 37* . 

The wells were then washed six times with 0.05% by volume TWEEN 20 in PBS in order to remove 

75 unbound antibodies. Horseradish peroxidase conjugated goat anti-human IgG was used as a second 
antibody tracer to bind with the HCV antibody-peptide antigen complex formed in positive wells. 100 uL of 
peroxidase labeled goat anti-human IgG at a dilution of 1:1800 in 1% by volume normal goat serum, 0.05% 
by volume TWEEN 20 in PBS was added to each well and incubated at 37° C for another 15 minutes. 

The wells were washed six times with 0.05% by volume TWEEN 20 in PBS to remove unbound 

20 antibody and reacted with 100uL of the substrate mixture containing 0.04% by weight ortho- 
phenylenediamine (OPD) and 0.12% by volume hydrogen peroxide in sodium citrate buffer, pH 5.0. 

This substrate mixture was used to detect the peroxidase label by forming a colored product. Reactions 
were stopped by the addition of 100 uL of 1.0M H 2 SCU and the absorbance measured using an ELISA 
reader at 492nm (i.e. A* 92 ). Assays were performed in singlet at one specimen dilution (1:20) with a panel 

25 of eight representative HCV antibody positive sera, along with the specimen diluent blank, non-reactive, 
weakly reactive and strongly reactive controls (NRC, WRC, SRC) all in duplicates. 

Results obtained from this study are shown in Table 2. According to the EIA absorbance readings at 
492nm (y axis) and the amino acid sequences for each of the corresponding HCV peptides (x axis), 
representative immunoreactivity profiles are plotted for four of the eight sera as shown in Figures 1-1 to 1-4. 

30 Relative (%) immunoreactivity index for each of the 31 peptides is calculated using Peptide HID as a 
reference based on the total absorbance of eight sera at 492nm (See Tables 1 and 2). Fig. 1 shows the 
amino acid sequences of the immunodominant region according to data presented in Tables 1 and 2, and 

precisely delineates the amino acid residues (underlined) that contribute (— marginally, moderately, 

and strongly) to the immunoreactivities. 

35 In summary, epitope mapping analysis conducted with a series of 31 overlapping peptides covering an 
immunodominant region of HCV, spanning a total of 90 amino acid residues as illustrated in Table 1, reveals 
a varying degree of immunoreactivities between different HCV antibody positive samples and these HCV 
peptides. Based on this study, several discontinuous epitopes are located within this immunodominant 
region. Contrary to what is speculated by the conventional wisdom, it is found preferably to have peptides 

40 with longer amino acid chains, ideally longer than 20, synthesized in order to optimally present these 
antigenic determinants to HCV antibodies. 

Based on the above-mentioned epitope mapping study, four representative EiAs using peptide IIG 
alone, or a mixture of Peptides IIF and IID, or a mixture of HF, HID and V. or a mixture of IIH and V as the 
solid phase antigen were configurated for the following efficacy studies as demonstrated in Examples 2 8, 9, 

45 10 and 12. 

EXAMPLE 2 

Detection of Antibodies to HCV by an Enzyme-Linked Immunosorbent Assay 

50 

Wells of 96-well plates were coated at 4*C overnight (or for 1 hour at 37° C) with either Peptide IIG 
alone at a coating concentration of 0.5ug per well (designated as IIG EIA) or with a mixture of two Peptides 
IIF and HID (designated as HF/IIID EIA) in a ratio by weight of HF:IIID = 1:1 at 1 ug per well of the mixture in 
100 uL 10mM NaHCOs buffer pH 9.5. The peptide coated wells were then incubated with 250 uL of 3% by 
55 weight of gelatin in PBS at 37 *C for 1 hour to block non-specific protein binding sites, followed by three 
more washes with PBS containing 0.05% by volume of TWEEN 20 and dried. 

The test specimens were diluted with PBS containing 20% by volume normal goat serum, 1% by 
weight gelatin and 0.05% by volume TWEEN 20 at dilutions of 1:20 volume to volume, respectively. 200 uL 
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of the diluted specimens were added to each of the wells and allowed to react for 15 minutes at 37 . 

The wells were then washed six times with 0.05% by volume TWEEN 20 in PBS in order to remove 
unbound antibodies. Horseradish peroxidase conjugated goat anti-human IgG was used as a second 
antibody tracer to bind with the HCV antibody-peptide antigen complex formed in positive wells. 100 uL of 

5 peroxidase labeled goat anti-human IgG at a dilution of 1:1800 in 1% by volume normal goat serum, 0.05% 
by volume TWEEN 20 in PBS was added to each well and incubated at 37* C for another 15 minutes. 

The wells were washed six times with 0.05% by volume TWEEN 20 in PBS to remove unbound 
antibody and reacted with 100 uL of the substrate mixture containing 0.04% by weight ortho- 
phony lenediamine (OPD) and 0.12% by volume hydrogen peroxide in sodium citrate buffer, pH 5.0. This 

10 substrate mixture was used to detect the peroxidase label by forming a colored product. Reactions were 
stopped by the addition of 100 uL of 1.0M H 2 SO+ and the absorbance measured using an ELISA reader at 
492nm (i.e. A492). Assays were performed in singlet at one specimen dilution (1:20) with all test specimens. 
Each plate run is accompanied by a panel of eight controls including the specimen diluent blank, negative, 
weak HCV reactive and strong HCV reactive controls, all in duplicate. The strongly reactive control was 

75 adjusted by diluting a HCV positive serum in the specimen dilution buffer at 1:300, which gave an 
absorbance value at 492nm of about 1.5 when performed in this standard 45 minute assay procedure. A 
cutoff value is calculated based on the following formula: Cutoff = (0.1 x SRC) + NRC. Both the raw 
absorbance (designated as signal) and the ratio of signal to cutoff are recorded for all specimens analyzed. 
The following groups of specimens were analyzed on the HCV peptide based EIA according to the 

20 present invention, with the plates coated either with 5 ug/mL of peptide IIG or a mixture containing 5ug/mL 
IIF and 5ug/mL IID: 

(a) A well-characterized HCV antibody positive control based on serum dilutions; (on both IIG and 
IIF/IIID ElAs) 

(b) a panel of serum specimens derived from serial bleedings of a single individual spanning a period 
25 of sero-conversion to anti-HCV reactivity; (on both IIG and IIF/IIID plates) 

(c) 264 normal serum and 264 normal plasma specimens from commercial sources; (on IIG plates 
only) 

(d) individuals positive for HBsAg, (n-30); (on both IIG and IIF/IIID plates) 

(e) individuals positive for antibodies to HBc protein, (n = 39); (on both IIG and IIF/IIID plates) 

30 (f) individuals with elevated (>100 I.UA) alanine aminotransferase (ALT) enzyme activity, (n = 174); 
(on both IIG and IIF/IIID plates) 

(g) individuals positive for antibodies to retroviruses HIV-1 (n = 1 00), HIV-2(n = 1 0) t HTLV-l/ll(n = 1 4); all 
asymptomatic, (total n = 124); (on both IIG and IIF/IIID plates) 

(h) individuals with AIDS, ARC(n=200) or ATL (n = 170) disease, (total n=370); (on both IIG and 
35 IIF/IIID plates) and 

(i) individuals with autoimmune disease (n = 20). (on IIG plates only) 

(j) recombinant SOD/HCV C-100 HCV-EIA repeatably reactive specimens obtained from a random 

donor population, (n = 23). (on both IIG and IIF/IIID plates). 
Results obtained from groups (a) and (b) are presented in Figs. 2-1 and 2-2 respectively (data obtained 
40 on IIG plates only), from group (c) in Figs. 3-1 and 3-2; from groups (d) to (i) in Fig. 4, from group (j) in 
Table 3 and Figs. 5 and 6. 

In brief, as shown in Figs. 2-1 and 2-2, a comparison, by signal to cutoff ratio, between the peptide 
based HCV-EIA of the present invention employing peptide HG and that of recombinant SOD/HCV C-100 
protein based HCV-EIA produced by Chiron/Ortho. Similar dilution titers and equal ability to identify date of 
45 sero-conversion, the two parameters indicative of each assay's sensitivity, are obtained for both assays. 
However, the assay according to the present invention is more sensitive and confers a higher signal to 
cutoff ratio to its positive specimens. 



50 
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Table 3 



EBHA Peotidn 

SAMPLE HCV RPT RPT ALT Ant i -HBc OTHER HCV-EIA 

ID No. S/C S/C S/C (IU/L) (S/C) POSITIVES S/C 



/5 



20 



1 


161 


5.33 


5.56 


5.56 


2 


280 


5.76 


5.56 


5.56 


3 


374 


1.98 


2.45 


2-45 


4 


517 


5-79 


5.68 


5.68 


5 


561 


1.74 


2.75 


2.47 


6 


675 


0.93 


1,33 


1.54 


7 


720 


5.68 


5.68 


5.68 


8 


773 


5.56 


5.88 


5.88 


9 


797 


3.79 


4.35 


4.29 


10 


869 


5.66 


5.59 


* 5.59 


11 


873 


5.66 


5.59 


5.59 


12 


1003 


1.63 


1.24 


1.01 


13 


1073 


5.73 


5.59 


5.59 


14 


1099 


1.72 


1.76 


1.94 


15 


1118 


5.59 


5.79 


5.79 


16 


1336 


0.93 


1.38 


1*38 


17 


1501 


5.75 


5.67 


5.67 


18 


1530 


1.27 


1.48 


1.50 


19 


1557 


0.91 


1.29 


1.28 


20 


1652 


2.06 


2.64 


2.72 


21 


1877 


5.59 


5.63 


5.63 


22 


1940 


1.64 


1.47 


1.17 


23 


2017 


5.60 


5.84 


5.84 



36/56 


2.10 




11 


78/56 


0.07 + 


HBc , ALT 


10 


20/56 


1.97 




0.573 


34/56 


2.04 




11 


21/56 


2.46 




0.172 


29/56 


1.98 




0.135 


57/56 


0.08 + 


HBc, ALT 


13 


86/56 


2.07 


HIV, ALT 


8.625 


74/56 


0.38 + 


HBc, ALT 


1.802 


35/56- 


2.45 




9.755 


26/56 


2.34 




1.189 


31/56 


2.02 




0.078 


17/56 


0.12 + 


HBc 


2.594 


10/56 


1.84 




0.083 


10/56 


0.31 + 


HBc 


10.5 


18/56 


2.15 




0,010 


36/56 


1.99 




5.349 


23/56 


2.30 




0.943 


20/56 


2.20 




0,385 


42/56 


1.72 




0.135 


65/56 


2.16 


ALT 


4.943 


29/56 


2.35 




0.052 


11/56 


0.19+ 


HBc 


6.786 



36 Col. l,2,3,=0rtho's HCV results in s/c.j Col 5= ALT values over 
cutoff in IU/L; Col. 6=Abbotf s Anti-HBc results in s/c where 
results UNDER 1.00 are POSITIVE due the competitive binding 

40 

principle of this assay. 

As shown in Figs. 3-1 and 3-2, the frequency distribution of the HCV-EIA signal to cutoff ratios, using 
peptide IIG at 5ug/mL as the coating concentration, that was obtained with 264 normal serum and 264 

45 normal plasma specimens for commercial sources suggested a repeatably reactive rate of 5.3% and 3.4% 
respectively. These percentages are relatively high compared with those reported in field clinical trials 
(usually 0.5-1.0%) using the rDNA HCV C-100 based El A kit (Chiron/Ortho). However, in the assay 
according to the present invention, the mean s/c ratios for the negative (n = 250) and screened out positive 
(i.e. n = 14) serum specimens are 0.034 and 7.202 respectively; for the negative (n = 255) and positive 

50 (n = 9) normal plasma specimens the mean ratios are 0.084 and 7.089 respectively. Such a sharp contrast 
between the screened out positives and all the negatives probably precludes the likelihood of a high false 
positive rate. Since these normal specimens are derived from commercial plasma centers where the paid 
donors usually represent a population with higher incidence of viral markers than the rigorously monitored 
blood banks, a higher repeatably reactive rate is also considered reasonable. Previous clinical studies 

55 indicated that between 7 to 10 percent of patients receiving transfusions developed NANBH. where 90% of 
these post-transfusion hepatitis cases are caused by the NANBHV<5). These reports also provide some 
support to the interpretation of the data obtained herein that a high reactivity represents a true positive 
result. 
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Results obtained from the screening of a total of 677 well-characterized clinical specimens previously 
categorized into six groups, from (d) to (i) using a representative lot of plates coated with Peptide IIG, were 
plotted on a histogram as shown in Fig. 4. 

Fifteen out of fifty (i.e. 30%) HBsAg carriers, 3 out of 39 (i.e. 8%) NBC antibody positive individuals, 43 
s out of 174 (i.e. 24:7%) individuals with elevated ALT enzyme activity, 8 out of 124 (6.5%) asymptomatic 
individuals with retroviral antibodies, 6 out of 270 (i.e. 2.2%) individuals with retroviral related disease, and 0 
out of 20 (i.e. 0%) individuals with autoimmune disease were found to be repeatably reactive with the 
peptide HCV EIA of the present invention using peptide IIG. All these positive specimens were also found to 
be positive when tested on peptides IIF/IIID HCV EIA, although with much higher s/c ratios. 
70 A much higher percentage of positive cases was found with those who have abnormal liver functions 
(24.7%) or previous infection(s) with Hepatitis B (30% and 8%) when compared to those with other 
infections or diseases (e.g. 6.5%, 2.2% and 0%). 

Note: Sera from HBsAg carriers were kindly provided by the Infectious Diseases Laboratory of the 
American Red Cross; sera from HBc antibody positive donors were obtained from Boston 
75 Biomedica Inc.; sera from individuals with elevated ALT levels (>100 I.U7L) were obtained from 

both Boston Biomedica Inc. and NABI laboratory; sera from asymptomatic individuals with 
retroviral antibodies (HIV-1 and HTLV-1) were obtained from New York Blood Center, and those 
with HIV-2 antibodies were from Guinea Bissau of West Africa, kindly provided by Dr. O. 
Varnier of Italy,; sera from patients with ATL were kindly provided by the Japanese Red Cross; 
20 sera from patients with AIDS and ARC, were kindly provided by Dr. D. Knowles at Columbia 

University College of Physicians and Surgeons, and Dr. F. Siegal at the Long Island Jewish 
Hospital; sera from patients with various complications of autoimmune diseases were kindly 
provided by Dr. N. Chiorazzi of the Cornell University Medical School. All sera have been 
characterized by additional licensed serologic markers before inclusion in the current study. 
25 Table 3 illustrates results obtained with the peptide based HCV EIA described in this invention on a 
panel of 23 recombinant HCV EIA repeatably reactive specimens obtained from a random donor population. 
Data on each specimen's ALT level and HBc antibody reactivity are provided as supplemental information 
for indirect confirmation of NANBH status of the positive donors. As can be seen from the Table, all eight 
specimens with indirect confirmation of their NANBH status scored positive in the peptide based EIA 
30 according to the present invention (on both IIG and IIF/IIID plates). In addition, four specimens, that scored 
high on the peptide based assay also scored as strong positives by the recombinant HCV EIA, thus further 
confirming the HCV positivity of these specimens. Only one specimen scored marginally positive on the 
peptide based HCV EIA, which lacks the other markers. However, this specimen scored positively with the 
recombinant HCV EIA. The remaining ten specimens that scored negative by the peptide based EIA 
35 according to the present invention all had a marginal s/cutoff ratio of between 0.9 to 2.6. Fig. 5 provides a 
direct correlation between the peptide based HCV EIA of the present invention and the recombinant based 
HCV EIA by their respective s/cutoff ratios for this panel. Thus, the peptide based HCV EIA of the present 
invention can clearly differentiate the repeatably reactive specimens previously screened out by the rDNA 
based HCV EIA into two distinct groups, a positive group which correlated highly to those with other known 
40 NANBH markers and a negative group which probably represents specimens with extraneous reactivities 
unrelated to HCV. In addition to its use as a screening assay, the peptide based HCV EIA may also function 
as a positive confirmatory test for the rDNA based HCV EIA. 

Note: This well-characterized serum panel was kindly provided by Dr. C. Fang of the American Red 
Cross QC laboratory. 

45 

EXAMPLE 3 

Detection of Antibodies to HCV By an Agglutination Based Assay 

50 The presently claimed HCV peptides, synthesized according to the Merrifield solid phase method, can 
be conjugated to bovine serum albumin (BSA) by a simple crosslinking method in the presence of a low 
percentage of giutaraldehyde solution (0.025%). or with other crosslinking reagents such as m- 
maleimidobenzoyl-N-hydroxysuccinirnide ester (MBS) according to a previously published procedure 
(Biochemistry, 18:690-697, 1979). For example: to 0.32 mL. of a BSA solution (10 mg/mL in 0.01 M 

55 phosphate buffer, pH 7.0) at room temperature is added 0.013 mL of an MBS solution (0.025 mg/mL in 
dimethylformamide). The amount of MBS added to the BSA solution can be varied dependent on the 
optimal molar ratio of BSA to MBS determined for a specific conjugate studied. The mixture is stirred at 
room temperature for 1 hour, after which it is centrifuged to remove any precipitated albumin. The clarified 
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mixture is then subjected to gel filtration on Sephadex G-25 and the protein-containing fractions, as 
detected by their absorbance at 280 nm, are pooled and stored frozen at -70° C until needed. 

The peptides are dissolved in H 2 0 at 10 mg/mL A predetermined amount of each peptide solution is 
added dropwise to the previously activated BSA-MBS solution and stirred at room temperature for 3 hours. 

s The final peptide-BSA conjugates are separated from other free peptides by gel filtration or extensive 
dialysis. The ratio of peptide to BSA is determined by SDS-PAGE according to conventional methods. 

Using the above mentioned peptide-BSA conjugation process, conjugated peptide IIG-BSA was ab- 
sorbed to double aldehyde fixed human 0 erythrocytes at pH 4.0. The peptide-conjugate coated eryth- 
rocytes were then treated with NaBhU to prevent non-specific protein binding. The peptide-conjugate coated 

w erythrocytes were then washed with PBS and incubated with 5% normal human serum-PBS solution. These 
processed cells were then used in an agglutination assay for the detection of HCV antibodies in both serum 
and plasma specimens. The specimens were diluted 1:10 in a sample diluent buffer and an equal volume of 
the indicator cells (50 uL) was mixed with the diluted specimens. The agglutination pattern was settled 
within one hour; and the assay results were read by the naked eye and further quantitated by an optical 

75 device (manufactured by Olympus Corporation) which gave a P C ratio, as determined by the absorbance 
readings of the periphery and center of the wells. In this experiment, a P'C ratio of 20 was set as the assay 
cutoff value, i.e. a positive agglutination pattern had a ratio of <20 and a negative pattern, >20. 

A total of 20 rDNA HCV El A repeatably reactive specimens were tested for antibodies to HCV in the 
above-described HCV passive hemagglutination assay (PHA) employing Peptide IIG-BSA conjugate as the 

20 solid phase. Figure 6 provides a correlation study between the peptide based HCV PHA and the 
recombinant based HCV EIA by their respective P C and s/c ratios. All samples with s/c EIA ratios higher 
than 3 were found to be positive with the HCV PHA test. With the exception of one. all specimens having 
borderline sc ratios (between 0.9 to 2) scored as negative in this PHA test. 

25 EXAMPLE 4 

Detection of Antibodies to HCV By An Agglutination Assay Utilizing As the Solid Phase Immunosorbent 
Gelatin Particles.Erythrocytes Of Different Animal Species, Or Latex Particles~Coated with a Mixture of HCV 
Peptides ~ 

30 

One mL thoroughly washed erythrocytes, gelatin particles, or polystyrene latex particles are coated with 
the HCV peptide mixture, or conjugates thereof at an effective concentration. The peptide mixture, or 
conjugates thereof, coated cells or particles are then incubated with serially diluted serum samples in the 
wells of a 96-well U-shaped microplate or on a slide. After being left at room temperature for about an hour, 
35 or a few minutes in the case of latex particle based microagglutination, the settled agglutination pattern on 
the bottom of each well or on the slide is read; and the highest dilution showing a positive reaction is 
recorded. 

This is a one-step assay which can be used for both qualitative and quantitative detection of antibodies 
to HCV in specimens including sera or biofluids. 

40 

EXAMPLE 5 

A test kit for detecting HCV antibodies using an agglutination assay comprises a compartmented 
enclosure containing multiple microwell plates and other accessory materials for an agglutination assay 
45 including (1) a bottle of HCV peptide coated erythrocytes, gelatin particles or latex polystyrene particles; (2) 
a negative control; and, (3) an Inactivated HCV positive control, and (4) specimen diluent. The procedure 
described in Examples 3 and 4 is to be followed. 

EXAMPLE 6 

50 

An enzyme immunoassay based diagnostic test kit for the detection of HCV antibodies can be 
constructed. The test kit comprises a compartmented enclosure containing multiple 96-well plates coated 
prior to use with the HCV peptide or peptide mixtures of the present invention in 100 uL pH 9.5 10mM 
NaHC03 buffer. The kit further comprises materials for enzyme detection in separate sealed containers 
55 consisting of: 1) a negative control; 2) an inactivated HCV positive control; 3) specimen diluent; 4) 
peroxidase labeled-second antibody to human IgG; and 5) a color change indicator consisting of, for 
example, orthophenylenediamine (OPD) and hydrogen peroxide in a phosphate citrate buffer. The proce- 
dure described in Examples 1 and 2 is to be followed: 
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In this test kit 96-well plates, precoated with a peptide or peptide mixture of the present invention, can 
be replaced by polystyrene beads,or multiple mini-columns filled with controlled pore size glass beads, or 
nitrocellulose paper strip, precoated with the peptides of the present invention for use as the solid phase 
immunosorbent. 

EXAMPLE 7 

Immunization with Octameric HCV Peptides for the Elicitation of Sustaining High Titers of HCV Antibodies 



10 In addition to the use of synthetic HCV peptides as immunogens for the generation of sequence-related 
anti-HCV antibodies for the ultimate development of an epitope-based subunit NANBH vaccine, another 
approach using a limited sequential propagation of a Afunctional amino acid lysine to form a core that 
serves as a low-molecular weight matrix carrier for peptide immunogens can also be applied. The 
trifunctional amino acid, Boc-Lys(Boc), is particularly suitable since both N-a and N-e amino groups are 

75 available as reactive ends. Thus, sequential propagation of Boc-Lys(Boc) will generate 2 n reactive ends. The 
first level coupling of Boc-Lys(Boc) will produce two reactive amino ends as a bivalent carrier. The 
sequential generations of a second and third step with Boc-Lys(Boc) will produce carriers containing four- 
(tetra-valent), and eight (octa-valent) reactive amino ends to which peptide antigens are attached. 

The HCV peptides as described in this invention can be incorporated onto this carrier system as 

20 illustrated below for the development of sustaining high titer HCV antibodies in mammals, including humans. 

HCV 
HCV 

25 

HCV 
HCV 

30 HCV 

HCV 
HCV 

55 HCV 

Octameric HCV peptides of the present invention (Table 1) using the solid phase method of Merrifield 
are synthesized by an automated peptide synthesizer, either Applied Biosystems (ABI) Model 430A, or 
40 Biosearch Model 9500. 

Both acid-labile tert-butyloxycarbonyl (t-Boc) and acid-stable groups are used for the protection of N-a 
amino acid and the functional side chains of the amino acids during the synthesis, respectively. The 
octameric peptides are synthesized by coupling onto a synthetic octamer resin. 

An octamer resin is prepared by coupling di-t-Boc Lys onto 0.14 mmol/g MBHA (4-Methyl benz- 
45 hydrylamine) resin. (Biosearch 9500 is used for this preparation due to its flexibility in scale). Di-Boc Lys 
single coupling is followed by two capping reactions (e.g. 0.3M Acetylimidazole in DMF dimethylfor- 
mamide). The substitution level of synthetic octamer resin is determined by Ninhydrin Test. 

Duncan Hartly random bred female guinea pigs (two per immunogen), weighing 400-500 gms, are used 
as the hosts. For initial immunizations, an aliquot of 100 ug octameric HCV peptide in 0.5 mL PBS is mixed 
so with an equal volume of complete Freund's adjuvant and injected into each animal both subcutaneously and 
intradermal^ over multiple sites. After two to three weeks of rest, an identical dosage of the same 
immunogen is given as a boost into each animal except that incomplete Freund's adjuvant is used. The 
animals are bled by heart puncture periodically to monitor each serum's anti-HCV titers. Subsequent 
booster shots are given periodically. 

55 

EXAMPLE 8 

Relative (%) Immunoreactivity for Synthetic Peptides By An Enzyme-Linked Immunoadsorbent Assay 



peptide 
peptides \^ 
peptide S\ 



peptide, 
peptide 



peptide-^^\ j 
peptide^ / 



peptide 
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Wells of 96-well plates were coated at 4*C overnight (or 1 hour at 37* C). with each of the additional 
nine peptides, VA, VB. VC, VD. VE ( = V), VIA, VIB, VIC, VID, VIE (see Table 1 for the above mentioned 
peptides), at 5 ug/mL at 100 uL per well in lOmM NaHC0 3 buffer, pH 9.5. Each peptides immunoreactivity 
was measured as previously described in Example 1. Results obtained for the 10 peptides in the V and VI 

5 series are shown in Table 2. According to the EIA absorbance readings at 492nm (y axis) and the amino 
acid sequences for each of the corresponding HCV peptides (x axis), representative immunoreactivity 
profiles are plotted for four of the eight sera on the 10 peptides in the V and VI series, together with the first 
twenty peptides in the I, II and III series, as shown in Figures 1-1 to 1-4. Relative (%) immunoreactivity 
index for each of the additional 10 peptides is likewise calculated using peptide HID as a reference. 

to Additional clusters of residues, such as ASRQA and EVIAP, that are identified with these 10 peptides, were 
found to contribute additionally to the overall HCV antibody reactivity. 

In summary, epitope mapping analysis conducted with a series of overlapping peptides reveals a 
varying degree of immunoreactivities between different HCV antibody positive samples and these HCV 
peptides. Based on the above-mentioned epitope mapping study, a third representative EIA using peptides 

75 IIF, HID and VE as the solid phase antigen was also configurated for testing as shown in Example 9 in 
comparison to that using peptide IIF and HID. 

EXAMPLE 9 

20 Detectio n of Antibodies to HCV in Serial Samples by Enzyme-Linked Immunosorbent Assays 

(a) A coded panel consisting of 24 samples deriveTfrorn a case of transfusion transmitted NANBH were 
tested in two types of ElAs using plates coated with either a mixture of IIF and HID at 5, 5 ug/mL or a 
mixture of IIF, HID and VE at 5,5,5 ug/mL The panel was provided by Dr. H. Alter of NIH and the results 
were decoded by his laboratory. 

25 As shown in Figure 7-1, the two anti-HCV profiles, as tested by two formats, using Peptides 

IIF HID VE coated plate (Curve A) and Peptides IIF/IHD coated plate (curve B) respectively, spanning a 
ten year period revealed an interesting contrast. 

According to the record, the seronegative patient received HCV contaminated blood units on August 
20, 1980. As a result of the transfusion, a trace amount of passive HCV antibodies was detected in the 

30 recipient's serum by format A. Active development of HCV antibodies by the recipient became 
detectable by both formats from November 14th on (about three months after the initial transfusion). The 
HCV antibodies, developed as a result of HCV infection through blood transfusion, persisted throughout 
the next ten years. Higher antibody signals were detected by plates coated with an extra peptide VE 
(curve A) in sera collected four months after the transfusion. It appears that the epitope presented by 

35 peptide VE, representing a neighboring immunodominant region, elicits abundant HCV antibodies at a 
slightly later stage than the epitopes represented by peptides IIF and HID. 

(b) Serial samples from one representative case of a hemodialysis patient with NANBH were provided by 
Dr. Cladd Stevens of New York Blood Center, N.Y., N.Y., and tested on plates coated with a mixture of 
three peptides, IHF/IID/VE. The sample histories are shown in Figure 7-2. The results show that the 

40 peptide based EIA detects samples about two months after the onset of the acute phase of the disease 
as evidenced by the ALT elevation. 

(c) Serial samples from a representative chimpanzee were tested with a peptide based HCV EIA using a 
mixture of IIIF/IID/VE peptides. This chimpanzee was inoculated on day 0 with a well-characterized strain 
of NANBHV. Following the acute phase of infection as evidenced by the rise of the ALT levels, 

45 antibodies to HCV were detected about 60 days after inoculation [Figure 7-3]. 

EXAMPLE 10 

Screening of Low Risk Random Blood Donors With the Peptide Based HCV EIA 

50 " ' 

2035 donor specimens obtained in a blood bank setting were tested by EIA coated with a mixture of 
Peptides IIF, HID and VE at 5 ug/mL each following the procedure described in Example 2. The results are 
shown in Figures 8-1 and 8-2. The frequency distribution of the peptide based HCV-EIA signal to cutoff 
ratios, suggested an initial reactive rate of 1.18% and a repeatably reactive rate of 1.08 respectively. 88% of 

55 the initial reactive specimens are repeatably reactive indicating a high reproducibility of the assay. The 
repeatably reactive rate of the peptide based HCV EIA obtained with the low risk random blood donor 
specimens, all volunteers, is lower than that obtained from the commercial paid donor population (See 
Example 2). 

30 
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EXAMPLE 11 

Synthetic Peptide Based HCV Neutralization EIA As a Confirmatory Test 

5 Welis of 96-well plates were coated at 4* C overnight (or for 1 hour at 37 *C) with a mixture of two 
peptides IF and HID at 5 ug/mL each in 100 uL 10mM NaHCOa buffer pH 9.5. Repeatably reactive 
specimens previously screened out by the direct HCV EIA were incubated with either a control specimen 
diluent buffer (i.e., PBS containing 20% by volume normal goat serum, 1% by weight gelatin and 0.05% by 
volume Tween 20) at a dilution of 1:20 volume to volume, or with the same specimen diluent buffer 

70 containing varying amounts of a HCV peptide analogue IV (see Table 2 for its amino acid sequence) and 
allowed to react for an hour at 37° . 

200 uL of the peptide IV neutralized specimens were then added to each of the wells and allowed to 
react for 15 minutes at 37 , followed by the EIA procedure as described in Example 2. Four representative 
reactive samples including two weakly reactives and two strongly reactives were tested. One of the strong 

is reactives was further diluted at 1:10 in the specimen diluent prior to neutralization testing. As shown in 
Figure 9 and Table 4, a dose dependent inhibition [or neutralization] of HCV EIA was observed with peptide 
IV. When compared with the controls, a significant inhibition was obtained with all four specimens even at a 
concentration of 50 ug/mL peptide IV. 

20 EXAMPLE 12 

Detection of Antibodies to HCV in Hemodialysis patients by EIA 

A coded panel consisting of 74 samples from a group of hemodialysis patients was tested in two types 
25 of ElAs using plates coated with a mixture of HCV peptides IIH and VE at 10,5 ug/mL or a recombinant 
HCV protein based EIA. The panel was provided by investigators at the Japanese National Institute of 
Health and the results were decoded and compared to the recombinant HCV protein based EIA by the sera 
provider. 

As shown in Figure 10, an x-y plot of the A492 nm readings for the peptide based HCV EIA and the 
30 recombinant HCV protein based HCV EIA revealed a high correlation between these two assays. (A cutoff 
value of 0.2 and 0.4 was obtained based on the corresponding assay design.) These 74 specimens 
obtained from the hemodialysis patients who are highly susceptible to HCV infection were grouped into four 
categories based on their respective reactivities with these two types of ElAs. The upper right block 
indicates samples that are scored positive by both assays, and the lower left block indicates samples that 
35 are scored negative by both assays. None of the 74 high risk samples were found positive by the 
recombinant based EIA and negative by the peptide based EIA as shown in the upper left block; whereas 
five of these 74 high risk samples scored positive by the peptide based EIA and negative by the 
recombinant based EIA as shown in the lower right block indicating that the peptide based HCV EIA is more 
sensitive when tested with specimens derived from patients at high risks for HCV infection. 

40 

EXAMPLE 13 

Detection Of Anti-HCV Activity In Rare Specimens With An Elevated ALT Level 



45 These results are representative of the acute phase of HCV infection by synthetic peptides of Peptide 
VII series, covering a region near the C-terminus of the HCV protein C-100, and Peptide IIH from the 
immunodominant region. 

Wells or 96-well plates were coated at 37° C for 1 hour with each of the six peptides VIIA, VHB, V1IC, 
VIID, 1IG and IIH, at 5 ug/mL at 100 uL per well in 10mM NaHC0 3 buffer, pH 9.5. Each peptide's 
so immunoreactivity with the respective specimen was measured as previously described in Example 1. As 
shown in in Table 5. weak immunoreactivity was obtained with specimen 3 for peptides VIIC and VIID, but 
not VIIA and VIIB. Moderate immunoreactivity was obtained with specimen NAB-2-2 for peptide IIH, but not 
IIG. Both specimens were found to have high ALT level and are representative of specimens from patients 
with acute phase of HCV infection. 
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Table 5 

45 



A*92nm 



Code Amino Acid Sequence Specimen No. 

50 NAB-2-2 |3 

I IH SG , KP AI I , PDREV , LYREF , DEMEE, CSQHL , PYI EQ , GMMLA , EQF KQ , KALGL 1 . 2 3 2 ( + ) 

I IG II, PDREV , LYREF , DEMEE , CSQHL , PYIEQ, GMMLA , EQFKQ , KALGL 0 - 0 1 3 { - ) 

VIIA AVQWM , NRLI A , FASRG , NHVSP 0.109 

VI I B RHV, GPGEG , AVQWM , NRLIA , FASRG , NHVSP 0.224 

55 VIIC V , VCAAI , LRRHV , GPGEG , AVQWM , NRLI A , FASRG * NHVSP 0.674 



V I ID PGA, LWGV , VCAAI , LRRHV , GPGEG , AVQWM , NRLI A , FASRG , NHVSP 0.658 
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EXAMPLE 14 

Measurement Of Relative (%) immunoreactivity For Synthetic Peptide Covering An Immunodominant 
Region Of The Postulated HCV ~ Core Protein By An Enzyme-Linked Immunosorbent Assay 

5 

Wells of 96-well plates were coated at 4° C overnight (or 1 hour at 37* C), with each of the ten peptides: 
VIIIA, VIIIIB, VIIIC, VIIID, VIHE( = VIII), IXA, IXB, IXC, IXD, and IXE( = IX), (see Table 7) prepared as described 
at 5 ug/mL at 100 uL per well in 10 mL NaHC03 buffer, pH 9.5. The rest of the plate coating and enzyme 
immunoassay procedures were performed exactly as described in Example 1 . 

10 Results obtained from this study are shown in Figs. 11-1 and 11-2. According to the EIA absorbance 
readings at 492 nm (y axis) and the amino acid sequences for each of the corresponding HCV peptides (x 
axis), representative immunoreactivity profiles are platted for four of the eight panel sera as shown in 
Figures 11-1 and 11-2. Relative (%) immunoreactivity index for each of the 10 peptides (Table 7) is 
calculated against Peptide HID (See Table 1), the one with the highest absorbance reading, based on the 

75 total absorbance of eight sera at 492 nm (See Tables 1 and 2 for examples of calculation). Figs. 11-1 and 
11-2 show the amino acid sequences of the immunodominant region according to data obtained for 
immunoreactivity study. For example, serum sample 1 reacted strongly (ODs between 1 .5 and 3.5) with 
peptides VIIIA and IXA, which are the smallest size in the 20mer range in the corresponding peptide series. 
Further addition of amino acids at the N-terminal end did not significantly enhance the immunoreactivity of 

20 these analogue peptide (see Figs. 11-1 and 11-2 for sample 1). 

However, other serum samples such as #3 and #4 reacted much stronger with peptides VIIIB, VIIIC 
respectively and with an increasing immunoreactivity with the analogue peptides in the IX series (see Figs. 
11-1 and 11-2, samples #3 and #4). Further, serum sample 2 reacted marginally with peptides in the 
corresponding Vill and IX series. These reactivity profiles indicate a more complicated epitope distribution 

25 along the postulated HCV core protein region and may include some discontinuous linear epitopes and 
conformational epitopes, requiring a longer size peptide to confer the best immunoreactivity for diagnostic 
purposes. 

In summary, epitope mapping analysis conducted with a series of ten peptides covering an im- 
munodominant region of the postulated HCV core protein, spanning a total of 119 amino acid residues as 

30 illustrated in Table 7 and Figs. 11-1 and 11-2, reveals varying degrees of immunoreactivity between 
different HCV antibody positive serum samples and analogue HCV Peptides of the VIII and IX series. In this 
case it is found preferably to have synthetic peptides with longer amino acid chains, ideally longer than 20, 
to optimally present these antigenic determinants to HCV antibodies. 

Based on the above-mentioned epitope mapping study, additional representative ElAs using Peptides 

35 VIHE. IXD, both derived from the HCV core region alone, or as a mixture with peptides IIH and VE from the 
HCV nonstructural region were configurated for the following studies described in Examples 15, 16, 17 and 
18. 

EXAMPLE 15 

40 

Detection Of Antibodies To HCV By Peptide Based Enzyme-Linked Immunosorbent Assay Using Format C, 
Format D, "Format A ~~ 

The following four groups of specimens: 
45 (a) individuals with AIDS, ARC(n = 63); 

(b) individuals positive for HBsAg, (n = 50); 

(c) individuals positive for antibodies to HBc protein, (n = 22); and 

(d) individuals with elevated (>100 i.uA) alanine aminotransferase (ALT) enzyme activity, (n = 86). 

were analyzed on representative HCV peptide based ElAs according to the present invention, with the 
50 plates coated either with 0) peptides IIH and VE at 5 and 3 ug/mL each (Format A), (ii) peptides IIH, VE and 
VIIIE at 5, 3 and 2 ug/mL each (Format C, containing both the HCV core and nonstructural peptides) or (iii) 
Peptides VIIIE and IXD at 2 and 2 ug/mL each (Format D, HCV core peptides only). 

Results obtained from the screening of a total of 221 well-characterized clinical specimens previously 
categorized into four groups, from (a) to (d) using a representative lot of peptide coated plates ElAs 
55 formatted as A, C or D were plotted on histograms as shown in Figs. 12-1, 12-2 and 12-3. 

Out of a total of 63 AIDS/ARC patient samples analyzed, 46.0%, 55.6% and 50.8% of the patients were 
found to be HCV antibodies positive using EIA formats A, C and D respectively. Out of 50 HBsAg positive 
individuals, 36.0%, 42.0% and 36% of the individuals were found to also be HCV antibodies positive using 
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EIA formats A, C and D respectively. Out of 22 HBc antibody positive individuals, 27.3%. 22.7%, and 18.2% 
were found to be HCV antibodies positive as detected by EIA formats A, C and D. Out of 86 patients with 
an elevated ALT levels, 90.7%, 91.5% and 85.4% were found to be HCV antibodies positive by EIA formats 
A, C and D. The overall signal to noise ratio distribution for the HCV positive samples were found to be 

5 higher with Formats C and D which included a peptide (VINE) from the HCV core region than Format A 
which only employed peptides from the HCV nonstructural region as the solid phase antigen. 

Except for one HBc antibody sample where the results is borderline positive (S/cutoff ratio~1 .0) with the 
HCV EIA Format A, Format C incorporating peptides (IIH, VE and VIIIE) from both the HCV structural (core) 
and nonstructural regions was the most sensitive. The significant improvement in sensitivity makes Format 

10 C an ideal candidate for a HCV antibody screening assay. 

EXAMPLE 16 

Comparison Of Test Results Using The Three Peptide Based HCV EIA Formats (A,C And D) On Low Risk 
15 Random Blood Donors ~ 



Representative 264 donor specimens obtained in a blood bank setting were tested by all three EIA 
formats. 

The results are shown in Figures 13-1 to 13-6. The frequency distributions of the peptide based HCV- 
20 EIA signal to cutoff ratios suggested an initial reactive rate of 1.13%, 3,0% and 3.0% with formats A, C and 
D respectively. The negative samples have a relative low signal to cutoff ratio in all three assay formats( see 
Figures 13-1, 13-3, and 13-5). Upon repeat testing, a repeatably reactive rate of 1.13%, 1.9% and 1.9% 
were obtained for formats A, C and D respectively. Among the sera identified as positives, there were four 
specimens which reacted strongly with both Formats C and D, but were identified as negatives by Format 
25 A. This indicates the possibility of false negative results when an HCV antibody detection assay does not 
include epitopes from the structural protein region. 

EXAMPLE 17 

30 Detection Of Antibodies To HCV In Well-Characterized Serial Samples By Various Enzyme-Linked Im- 
munosorbeTrt Assays 

(a) A coded panel consisting of 24 samples derived from a case of transfusion transmitted NANBH were 
tested in three HCV EIA formats (A, B and C) to determine the respective sensitivity of the formats in 
detecting seroconversion. The panel was provided by Dr. H. Alter of NIH and the results were decoded 
35 by his laboratory. 

As shown in Figure 14-1, the three anti-HCV profiles, as tested by three formats using peptides 
IIF HID V coated plate (Curve A); Peptides IIF/IIID coated plate (Curve B); and peptides IIH. VE and VIIIE 
coated plate (Curve C) respectively, with sera spanning a ten year period revealed an interesting 
contrast. 

40 As a result of the transfusion, a trace amount of passive HCV antibodies was detected in the 

recipient's serum by both format A, and C. Active development of HCV antibodies by the recipient 
became detectable by all three formats from November 14th on (about three months after the initial 
transfusion), with format C having the highest S/cutoff ratio on that bleed date. This finding further 
confirms the improved sensitivity obtained by using HCV EIA format C. 

45 (b) Serial samples from a representative chimpanzee were tested with HCV EIA format C in comparison 
to a recombinant HCV C-100 based radioimmunassay (RIA). The chimpanzee was inoculated on day 0 
with a well-characterized strain of NANBH V. Following the acute phase of infection as evidenced by the 
rise of the ALT levels, antibodies to HCV were detected about 47 days after inoculation (Figure 14-2). 
HCV EIA Format C was able to detect HCV antibodies about 40 days early than the the rDNA based RIA. 

so A higher signal to cutoff ratio was obtained with HCV EIA Format C than the rDNA RIA. 

(c) Serial samples from three well-characterized representative HCV seroconversion panels, collected by 
Serologic Inc., were tested by HCV EIA formats A, C and D, as defined in Example 15 in addition to that 
previously tested with rDNA HCV C-100 based EIA. As shown in Table 8, both HCV EIA formats 0 and D 
were able to identify HCV antibody positive specimens in two out of three panels by four to eight weeks 

55 earlier than the rDNA HCV-100 based EIA and HCV EIA Format A. This further demonstrated the 
sensitivity of the HCV ElAs which incorporate peptides derived from the HCV structural (core) protein 
region. 
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EXAMPLE 18 

Detection Of Antibodies To HCV In Hemodialysis Patients By Various Forms Of HCV ElAs 

5 A coded panel consisting of 74 samples from a group of hemodialysis patients was tested by three 
types of HCV ElAs; a recombinant HCV protein based EIA, and two using plates coated with either a 
mixture of HCV peptides IIH and VE at 10, 5 ug/mL respectively (Format A), or a mixture of HCV peptides 
IIH, VE and VIIIE at 5, 3 and 2 ug/mL respectively (Format C). The panel was provided by investigators at 
the Japanese National Institute of Health. Results were decoded and compared to the recombinant HCV 

10 protein based EIA by the sera provider. 

As shown in Fig. 15-1, an x-y plot of the A492 nm readings for the peptide based HCV EIA Format C 
and the recombinant HCV protein based HCV EIA revealed an increased sensitivity with the peptide based 
HCV EIA format C when compared to the rDNA HCV C-100 protein based HCV EIA. (A cutoff value of 0.2 
and 0.4 was obtained based on the corresponding assay design). These 74 specimens obtained from 

15 dialysis patients who are highly susceptible to HCV infection were grouped into four categories based on 
their respective reactivities with these two types of ElAs. The upper right block indicates samples that were 
scored positive by both assays, and the lower left block indicates samples that were scored negative by 
both assays. None of the 74 high risk samples were found positive by the recombinant based EIA and 
negative by the peptide based EIA as shown in the upper left block; whereas "eleven" of these 74 high risk 

20 samples scored positive by the peptide based EIA Format C and negative by the recombinant based EIA as 
shown in the lower right block. 

An increase in sensitivity was obtained for the peptide based HCV EIA Format C (incorporating a HCV 
core peptide) when compared to HCV EIA Format A, which in turn showed an improved sensitivity 
compared with the recombinant HCV C-100 protein based EIA (see Example 12, Fig. 10). 

25 To further document the validity of such a sensitivity comparison, other clinical data obtained for each 
of the dialysis patient specimens were tabulated along with the corresponding EIA ratios (Table 9). Among 
the eleven marked specimens, most showed an increased level of GOT/GPT and were associated with 
frequent episodes of elevated GPT previously. AH eleven specimens scored negative by the rDNA HCV C- 
100 based EIA. However, these same samples reacted strongly (with O.D. - 1.5) in the peptide based HCV 

30 EIA Format C. Since peptide Vlll( = VIIIE) was synthesized according to amino acid sequences selected 
from the conserved structural (core) protein region, its inclusion in the peptide based HCV EIA (such as 
format C) will be particularly suitable when testing specimens from geographically distinct regions where a 
higher chance of strain-to-strain variation among the HCV isolates may be encountered. 

It is to be understood that the above examples are illustrative of the present invention and are not 

35 meant to limit the scope thereof. 
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Table 9 

HCV Positivity in Serum Specimens 
Obtained from Japanese Dialysis Patients 





rDNA 


. 

Peptide 


peptide 






n. times 




based 


based 


i_ _ _ _ j 
oasea 






Code 


HCA 


HCV EIA 


HCV EIA 




pat /r*DT 


during 


No . 


EIA OD 


Format A 


Format C 




uct; o y 


1 not 1 nno 




Cutof f- 


Cutoff * 


Cutoff >• 






wnen ur*r 




0,40 
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0. 204 






-L • VJ • / J-l 


24 
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-0 .001 


0 - 005 




2/ J 


U 


25 
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0 . 007 
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A 

U 


27 


1 . 837 


. 1.469. 
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J/ O 
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1 . 637 
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20/ 2 1 


2 


29* 
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0 . 001 


1 . 603 




//4 


fx 

u 


30 
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0.374 


2 .213 




1 I /n 

11/3 


U 


31 


1. 823 


0.425 


0 . 874 


— 


27/16 


4 


32 


0 - 770 


0.372 


0 . 500 


+ 


17/7 




33 


1.712 


2. 101 


2 . 234 




2o/32 


29 


34 


0.002 


-0.003 


0 . 007 




1 1 / 1 4 

11/14 


rt 
0 


35* 


0 .026 


0. 161 


2 - 229 


+ 


14/23 


23 


36* 
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0 . 018 


2 . 286 




20/18 




37 


0 . 021 


0 .000 


0 . 011 


+ 


lo/ 11 


1 


38 
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1 . 917 
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+ 


4 O/ Z J 


0 


39 
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7 / ft 
/ / 0 


n 

V 


40 


0.026 
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1 ft / 0 
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47 
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-0 . 003 
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+ 


10/ -LJ. 
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0 .024 


— U . uUo 
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63 


1.121 


0.529 


2.383 


+ 


18/10 




64 


0. 113 


0.066 


0.002 




4/3 


0 


65 


0-032 


0.003 


-0.003 


+ 


7/5 


3 


66 


0.039 


-0.001 


-0 .002 


+ 


11/6 




67* 


0.049. 


0.037 


2.119 




16/11 
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rDNA 


Peptide 


Peptide 










based 


based 


based 






n: times 


Code 


HCA 


HCV EIA 


HCV EIA 


HBsAb 


GOT/GPT 


during 


No. 


EIA OD 


Format A 


Format C 




Oct, 89 


1986-1988 




Cutoff- 


Cutoff - 


CUtOff m 






when GPT 




0.40 


0.205 


0.204 






>25 I.U./L 


68* 


0.177 


0.638 


2.000 




24/25 


33 


69 


0. 027 


0. 007 


-0.007 




6/3 


0 


70 


0.031 


-0.006 


-0,001 




16/9 


0 


71 


0.781 


0 .473 


2.151 


+ 


13/8 


14 


72 


0, 110 


0.002 


0.059 




13/8 


0 


73 


0.043 


-0. 002 


-0.007 


- 


2/3 


0 


74 


0.014 


0.001 


-0.004 




2/3 


0 


75 


0.053 


0. 000 


0.019 


+ 


15/8 




76 


0.060 


0.015 


0,018 




14/7 


. 0 


77 


0.011 


0.001 


-0,004 




8/8 




78 


0.042 


0.002 


0.023 




3/0 


0 


79 


0.537 


0.219 


1.742 


+ 


11/7 




80 


2.615 


1.713 


2.428 


+ 


18/16 


12 


81 


2.509 


2.265 


2.294 




9/4 




82 


0.019 


0.000 


0.120 




11/5 


0 


83 


0.511 


1,928 


2.229 


- 


19/11 


5 


84 


0. 020 


0.016 


0.095 


- 


12/9 




85 


0.013 


-0.003 


0.116 




10/7 


0 


86 


0.003 


-0.005 


-0.006 




19/5 




87 


0.031 


-0.009 


0.009 




10/6 


0 


88 


0.039 


0.019 


0.004 




6/2 


0 


89* 


0.273 


0.223 


2.055 




10/8 


8 


90 


0.045 


0.026 


-0.002 




7/3 


3 


91 


0.018 


0.003 


-0.002 




5/8 


0 


92 


1.974 


1.127 


2.189 


+ 


11/23 


22 


93 


0.893 


1.113 


2.226 




24/19 


5 


94* 


0.267 


0.353 


2.029 




18/12 


1 


95 


0.026 


-0.010 


0.000 




34/73 


0 


96* 


0.021 


0.002 


1.599 




13/30 


27 


97* 


0.246 


0.037 


1.779 




15/9 


0 


98 


2.412 


1.904 


2.236 




3/9 
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ggQinmCE LISTING 

SEQ ID No- : IA 

Sequence Type: amino acid (AA) 

Sequence Length: 15 AA 

Gly-Leu-Leu-Gln-Thr-Ala-Ser-Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro 
5 10 15 



SEQ ID No. : IB 
Sequence Type: AA 
Sequence Length: 20 AA 

Lvs-Gln-Lys-Ala^Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser-Arg-Gln-Ala- 
5 io 15 

Glu-Val-Ile-Ala-Pro 
20 



SEQ ID No . : IC 
Sequence Type: AA 
Sequence Length: 26 AA 

Met-Leu»Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-< 
5 10 

Thr-Ala-Ser-Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro 
20 25 



SEG ID No . : ID 
Sequence Type: AA 
Sequence Length: 30 AA 

Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu- 
5 10 15 

Gly-Leu-Leu-Gln-Thr-Ala-Ser-Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro 
y 20 25 30 



39 



EP 0 442 394 A2 



SEQ ID No.: IE 
Sequence Type: AA 
Sequence Length: 35 AA 



His-Leu-Pro«Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe- 
5 10 15 

Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser-Arg-Gln-Ala- 
20 25 30 

Glu-Val - I le- Ala-Pro 
35 



SEQ ID No, : IF 
Sequence Type: AA 
Sequence Length: 40 AA 



Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met- 
5 10 15 

Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr- 
20 35 30 

Ala-Ser-Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro 
35 40 



SEQ ID No. : IIA 
Sequence Type: AA 
Sequence Length: 15 AA 

Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu 
5 10 15 



SEQ ID No-: IIB 
Sequence Type: AA 
Sequence Length: 20 AA 



Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln- 
5 10 15 

Lys-Ala-Leu-Gly-Leu 
20 
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SEQ ID No. : IIC 
Sequence Type: AA 
Sequence Length: 25 AA 



Cis-Ser-Gin-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu-Ala- 
5 io 15 

Glu-Gln-Phe-Lys-Gln~Lys-Ala-Leu-Gly-Leu 
20 25 



SEQ ID No. : IID 
Sequence Type: AA 
Sequence Length: 30 AA 



Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln 
5 10 15 

Gly-Met*Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu 
20 25 30 



SEQ ID No. : HE 
Sequence Type: AA 
Sequence Length: 35 AA 



Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His»Leu- 
5 10 15 

Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln- 
20 25 30 

Lys-Ala-Leu-Gly-Leu 
35 



SEQ ID No. : IIP 
Sequence Type: AA 
Sequence Length: 40 AA 

Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu- 

5 10 
Cvs-Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu-Ala- 

20 25 30 

Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu 
35 40 
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SEQ ID No . : IIG 
Sequence Type: AA 
Sequence Length: 42 AA 

lie- 1 le-Pro-Asp-Arg-Glu-Val ^Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met- 
5 10 15 

Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu«Gln-Gly-Met-Met- 
20 25 30 

Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu 
35 40 



SEQ ID No. : IIH 
Sequence Type: AA 
Sequence Length: 47 AA 



Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg- 
5 10 15 

Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile- 

20 25 30 

Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu- 
35 40 45 

Glu-Leu 



SEQ ID No,: IIIA 
Sequence Type: AA 
Sequence Length: 15 AA 

Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile 
6 10 15 



SEQ ID NO. : IIIB 
Sequence Type: AA 
Sequence Length: 20 AA 



Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln- 
5 10 15 



His -Leu-Pr o-Tyr- lie 
20 
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SEQ ID NO . : IIIC 
Sequence Type: AA 
Sequence Length: 25 AA 



Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met- 
5 10 15 

Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile 
20 25 



SEQ ID No. hid 
Sequence Type: AA 
Sequence Length: 30 AA 



Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg- 
5 10 is 

Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile 
20 25 30 



SEQ ID No . : HIE 
Sequence Type: AA 
Sequence Length: 35 AA 



Gly-Arg-Val-Val-Leu-Ser^Gly-Lys-Pro-Ala»Ile-lle-Pro-Asp-Arg- 
5 io is 

Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Gl-u-Glu-cys-Ser-Gln- 
20 25 30 

His-Leu-Pro-Tyr-Ile 
35 



SEQ ID No* : IUF 
Sequence Type: AA 
Sequence Length: 40 AA 



Cys-Val-Val-Ile-Val-Gly-Arg-Val-Val-Leu-Ser-Gly-Lys-Pro-Ala- 
5 10 is 

Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met- 
20 25 30 

Glu-Glu-Cys-Ser-Gln»His-Leu-Pro-Tyr-Ile 
35 40 
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SEQ ID No.: IV 
Sequence Type: AA 
Sequence Length: 40 AA 



Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg- 
5 10 15 

Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile- 
20 25 30 

Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe 
35 40 



SEQ ID No. : VA 
Sequence Type: AA 
Sequence Length: 20 AA 



Ala-Val-Gln-Thr-Asn-Trp-Gln-Lys-Leu-Glu-Thr-Phe-Trp-Ala-Lys 
5 10 15 

His-Met-Trp-Asn-Phe 
20 



SEQ ID No.: VB 
Sequence Type: AA 
Sequence Length: 25 AA 



Glu-Val-Ile-Ala-Pro-Ala-Val-Gln-Thr-Asn-Trp-Gln-Lys-Leu-Glu- 
5 10 15 

Thr-Phe-Trp-Ala-Lys-His-Met-Trp-Asn-Phe 

20 25 



SEQ ID No.: VC 
Sequence Type: AA 
Sequence Length: 30 AA 



Ala-Ser-Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro-Ala-Val-Gln-Thr-Asn- 
5 10 15 

Trp-Gln-Lys-Leu-Glu-Thr-Phe-Trp-Ala-Lys-His-Met-Trp-Asn-Phe 
20 25 30 
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SEQ ID No.: VD 
Sequence Type: AA 
Sequence Length: 35 AA 



Glv-Leu-Leu-Glri-Thr-Ala-Ser-Arg-Gln-Ala-Glu-Val^Ile-Ala-Pro- 

1 5 10 15 

Ala-Val-Gln«Thr-Asn-Trp-Gln-Lys-Leu-Glu»Thr-Phe-Trp-Ala-Lys- 
20 25 30 

His -Me t-Trp- Asn-Phe 
35 



SEQ ID NO- : VK 
Sequence Type: AA 
Sequence Length: 40 AA 



Lys»Gln-Lys«Ala-Leu-Gly-Leu»Leu-Gln-Thr-Ala-Ser-Arg-Gln-Ala 



5 



Glu-Val-Ile-Ala-Pro-Ala-Val-Gln-Thr-Asn-Trp-Gln-Lys-Leu-Glu- 

25 30 



20 



Thr-Phe-Trp-Ala-Lys-His-Met-Trp- Asn-Phe 
35 40 



SEQ ID No. : VIA 
Sequence Type: AA 
Sequence Length: 21 AA 

Ala-Ser-Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro-Ala-Val-Gln-Thr-Asn- 

5 10 

Trp-Gln-Lys-Leu-Glu-Thr 
20 



SEQ ID No. : VIB 
Sequence Type: AA 
Sequence Length: 26 AA 

Gly-Leu-Leu-Gln-Thr-Ala-Ser-Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro- 

5 10 
Ala-Val-Gln-Thr-Asn-Trp-Gln-Lys-Leu-Glu-Thr 
. 20 25 
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SEQ ID No.: VIC 
Sequence Type: AA 
Sequence Length: 31 AA 



Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser-Arg-Gln-Ala- 
5 10 15 

Glu-Val-Ile-Ala-Pro-Ala-Val-Gln-Thr-Asn-Trp-Gln-Lys-Leu-Glu- 
20 25 30 

Thr 



SEQ ID No. : VID 
Sequence Type: AA 
Sequence Length: 36 AA 



Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr- 
5 10 15 

Ala-Ser-Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro-Ala-Val-Gln-Thr-Asn- 
20 25 30 

Trp-Gln-Lys^Leu-Glu-Thr 
35 



SEQ ID No.: VIE 
Sequence Type: AA 
Sequence Length: 41 AA 



Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Fhe-Lys-Gln-Lys-Ala-Leu- 
5 10 15 

Gly-Leu-Leu-Gln-Thr-Ala-Ser-Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro- 
20 25 30 

Ala-Val-Gln-Thr-Asn-Trp-Gln-Lys-Leu-Glu-Thr 
35 40 



SEQ ID NO.: VII 
Sequence Type: AA 
Sequence Length: 43 AA 



Pro-Gly»Ala-Leu-Val-Val-Gly-Val-Val-Cys-Ala-Ala-Ile-Leu-Arg- 
5 10 15 

Arg-His-Val-Gly-Pro-Gly-Glu-Gly-Ala-Val-Gln-Trp-Met-Asn-Arg- 
20 25 30 

Leu-Ile-Ala-Phe-Ala-Ser-Arg-Gly-Asn-His-Val-Ser-Pro 
35 40 
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SEQ ID No.: VIIIA 
Sequence Type: AA 
Sequence Length: 22 AA 



Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr-Arg-Lys-Thr-Ser-Glu-Arg- 
5 10 15 

Ser-Gln-Pro-Arg-Gly-Arg-Arg 
20 



SEQ ID No.: VIIIB 
Sequence Type: AA 
Sequence Length: 32 AA 



Val-Gly-Gly-Val-Tyr-Leu-Leu-Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly- 
5 10 15 

Val-Arg-Ala-Thr-Arg-Lys-Thr-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly- 
20 25 30 



Arg-Arg 



SEQ ID No.: VIIIC 
Sequence Type: AA 
Sequence Length: 42 AA 



Asp-Val-Lys-Phe-Pro-Gly-Gly-Gly-Gln-Ile-Val-Gly-Gly-Val-Tyr- 
5 10 15 

Leu-Leu-Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr-Arg- 

20 25 30 

Lys-Thr-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg-Arg 
35 40 



SEQ ID No- : VIIID 
Sequence Type: AA 
Sequence Length: 52 AA 

Thr-Lys-Arg-Asn-Thr-Asn-Arg-Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro- 
5 10 15 

Gly-Gly-Gly-Gln-Ile-Val-Gly-Gly-Val-Tyr-Leu-Leu-Pro-Arg-Arg- 
20 25 30 

Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr-Arg-Lys-Thr-Ser-Glu-Arg- 
35 40 45 

Ser-Gln-Pro-Arg-Gly-Arg-Arg 
50 
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w 



15 



20 



25 



SEQ ID No.: VIIIE 
Sequence Tye: AA 
Sequence Length: 61 AA 



Ser-Thr-Ile-Pro-Lys-Pro-Gln-*Arg-Lys-Thr-Lys-Arg-Asn-Thr-Asn- 
5 10 15 

Arg-Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro-Gly-Gly-Gly-Gln-Ile-Val- 
20 25 30 

Gly-Gly-Val-Tyr-Leu-Leu-Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly-Val- 
35 40 45 

Arg-Ala-Thr-Arg-Lys-Thr-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg- 
50 55 60 

Arg 



SEQ ID No.: IXA 
Sequence Type: AA 
Sequence Length: 25 AA 



Trp-Leu-Leu-Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp-Gly-Pro-Thr- 
5 10 15 



Asp-Pro -Arg-Arg-Arg-Ser-Arg-Asn-Leu-Gly 
30 20 25 



35 



40 



SEQ ID No. IXB 
Sequence Type: AA 
Sequence Length: 36 AA 



Leu-Tyr-Gly-Asn-Glu-Gly-Cys-Gly-Trp-Ala-Gly-Trp-Leu-Leu-Ser- 
5 10 15 

Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp-Gly-Pro-Thr-Asp-Pro-Arg-Arg- 
20 25 30 

Arg-Ser-Arg-Asn-Leu-Gly 
35 



45 



50 



55 
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SEQ ID Mo.: IXC 
Sequence Type: AA 
Sequence Length: 46 AA 



Thr-Trp-Ala'-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr-Gly-Asn-Glu- 
5 10 15 

Gly-Cys-Gly-Trp-Ala-Gly-Trp-Leu-Leu-Ser-Pro-Arg-Gly-Ser-Arg- 
20 25 30 

Pro-Ser-Trp-Gly-Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu- 
35 40 45 

Gly 



SEQ ID NO.: IXD 
Sequence Type: AA 
Sequence Length: 56 AA 



Ile-Pro-Lys-Val»Arg-Arg-Pro-Glu-Gly-Arg-Thr-Trp-Ala-Gln-Pro^ 
5 10 15 

Gly-Tyr-Pro-Trp-Pro-Leu-Tyr-Gly-Asn-Glu-Gly-Cys-Gly-Trp-Ala- 
20 25 30 

Gly-Trp-Leu-Leu-Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp-Gly-Pro- 
35 40 45 

Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu-Gly 
50 55 



SEQ ID No.: IXE 
Sequence Type: AA 
Sequence Length: 61 AA 



Gly-Arg-Arg-Gln-Pro-Ile-Pro-Lys-Val-Arg-Arg-Pro-Glu-Gly-Arg- 
5 10 15 

Thr-Trp-Ala-Gln-Pro-Gly-Tyr-Pro»Trp-Pro-Leu-Tyr-Gly-Asn-Glu- 
20 25 30 

Gly-Cys-Gly-Trp-Ala-Gly-Trp^Leu-Leu-Ser-Pro-Arg-Gly-Ser-Arg- 
35 40 45 

Pro-Ser-Trp-Gly-Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu- 
50 55 60 
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SEQ ID No.: X 

Sequence Type: AAj Combination Of Peptides IF, IIG, IIIF and VE 

Sequence Length: 90 AA 

Cys-Val-Val-Ile-Val-Gly-Arg-Val-Val-Leu-Ser-Gly-Lys-Pro-Ala- 
5 10 15 

Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met- 

20 25 30 

Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met- 
35 40 45 

Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr- 
50 55 60 

Ala-Ser-Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro-Ala-Val-Gln-Thr-Asn- 
65 70 75 

Trp-Gln-Lys-Leu-Glu-Thr-Phe-Trp-Ala-Lys-His-Met-Trp-Asn-Phe 
80 85 90 



SEQ ID NO. : XI 

Sequence Type: AA, Combination Of Peptides VIIIE and IXE 

Sequence Length: 119 AA 



Ser-Thr- lie-Pro -Lys -Pro- Gin- Arg-Lys-Thr-Lys -Arg-Asn-Thr-Asn- 
5 10 15 

Arg-Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro-Gly-Gly-Gly-Gln-Ile-Val- 
20 25 30 

Gly-Gly-Val-Tyr-Leu-Leu-Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly-Val- 
35 40 45 

Arg-Ala-Thr-Arg-Lys-Thr-Ser-Glu-Arg-S'er-Gln-Pro-Arg-Gly-Arg- 
50 55 60 

Arg-Gln-Pro-Ile-Pro-Lys-Val-Arg-Arg-Fro-Glu-Gly-Arg-Thr-Trp- 
65 70 75 

Ala-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr-Gly-Asn-Glu-Gly-Cys- 
80 85 90 

Gly-Trp-Ala-Gly-Trp-Leu-Leu-Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser- 
95 100 105 

Trp-Gly-Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu-Gly 
110 115 
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SEQ ID No.: XII 

Sequence Type: AA 

Sequence Length: 5 AA 

Ser-Gly-Lys-Pro-Ala 
5 



SEQ ID No . : XVIII 

Sequence Type: AA 

Sequence Length: 5 AA 

Lys-Gln-Lys-Ala-Leu 
5 



SEQ ID No.: XIII 
Sequence Type: AA 
Sequence Length: 5 AA 

Ile-Ile-Pro-Asp-Arg 

5 



SEQ ID No , : XIX 
Sequence Type: AA 
Sequence Length: 5 AA 

Gly-Leu-Leu-Gln-Thr 

5 



SEQ ID No. : XIV 

Sequence Type: AA 

Sequence Length: 5 AA 

Glu-Glu-Cys-Ser-Gln 
5 



SEQ ID No- : XX 

Sequence Type: AA 

Sequence Length: 5 AA 

Glu-Val-Ile-Ala-Pro 
5 



SEQ ID No.: XV 
Sequence Type: AA 
Sequence Length: 5 AA 

His-Leu-Pro-Tyr-Ile 

5 



SEQ ID No.: XVI 
Sequence Type: AA 
Sequence Length: 5 AA 
Glu-Gln-Gly~Met-Met 



SEQ ID No.: XXI 
Sequence Type: AA 
Sequence Length: 5 AA 

Glu-Val-Leu-Tyr-Arg 

5 



SEQ ID No.: XVII 

Sequence Type: AA 

Sequence Length: 5 AA 

Leu-Ala-Glu-Gln-Phe 
5 



Claims 



1. A peptide composition comprising a peptide with an amino acid sequence selected from the group 
consisting of: 
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(i) Glu-Glu-Cys-Ser—Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln- 
Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala- 
Leu-Gly-Iieu-Leu-Gln-Thr-Ala-Ser-Arg-Gln-Ala-Glu- 
Val-Ile-Ala-Pro-X (IF,? 

(ii) He-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe- 
Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr- 
Ile-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys- 
Gln-Lys-Ala-Leu-Gly-Leu-X (HG) 

(iii) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu- 
Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-X (HH) 

(iv) Cys-Val-val-Ile-val-Gly-Arg-Val-Val-Leu-Ser-Gly- 
Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr- 
Arg-Glu-Phe-Asp-Glu-Met-Glu~Glu-Cys-Ser-Gln-His- 
Leu-Pro-Tyr-Ue-X (IIIPj 

(v) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Iieu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu- 
Ala-Glu-Gln-Phe-X (IV) 

(vi) Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser- 
Arg-Gln-Ala-Glu-Val-Xle-Ala-Pro-Ala-Val-Gln-Thr- 
Asn-Trp-Gln-Lys-Leu-Glu-Thr-Phe-Trp-Ala-Lys-His- 
Met-Trp-Asn-Phe-X ( vE ) 

(vii) Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Fhe-Lys-Gln- 
Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr^Ala-Ser-Arg-Gln- 
Ala-Glu-Val-Ile-Ala-Pro-Ala-Val-Gln-Thr-Asn-Trp- 
Gln-Lys-Leu-Glu-Thr-X (VlEJ 

(viii) Pro-Gly-Ala-Leu-Val-Val-Gly-Val-Val-Cys-Ala-Ala- 
Ile-Leu-Arg-Arg-His-Val-Gly-Pro-Gly-Glu-Gly-Ala- 
Val-Gln-Trp-Met-Asn-Arg-Leu-Ile-Ala-Phe-Ala-Ser- 
Arg-Gly-Asn-His-Val-Ser-Pro-X (VII) 

(ix) Ser-Thr-Ile-Pro-Lys-Pro-Gln-Arg-Lys-Thr-Lys-Arg- 
Asn-Thr-Asn-Arg-Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro- 
Gly-Gly-Gly-Gln-Ile-Val-Gly-Gly-Val-Tyr-Leu-Leu- 
Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr- 
Arg-Lys-Thr-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg- 

Arg-X, and (VHI^j 



x) Gly-Arg-Arg-Gln-Pro-Ile-Pro-Lys-Val-Arg-Arg-Pro- 
Glu-Gly-Arg-Thr-Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp- 
Pro-Leu-Tyr-Gly-Asn-Glu-Gly-Cys-Gly-Trp-Ala-Gly- 
Trp-Leu-Leu-Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp- 
Gly-Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg^Asn-Leu- 
Gly-X 

(IX E) 



wherein X is -OH or -NH 2 ; and 

(xi) analogues, segments, mixtures, combinations, conjugates and polymers thereof. 

A peptide composition according to Claim 1 comprising a combination of Peptides IE, IIG, IIIF and VE 
and having the amino acid sequence: 
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Cys-Val-Val-Ile-Val-Gly-Arg-Val-Val-Leu-Ser-Gly- 
Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr- 
Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His- 
Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu^Ala-Glu- 
Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Ijeu-Leu-Gln-Thr- 
Ala-Ser-Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro-Ala*Val- 
Gln-Thr-Asn-Trp-Gln-Lys-Leu-Glu-Thr-Phe-Trp-Ala- 
Lys-His-Met-Trp-Asn-Phe-X O) 



wherein X is -OH or -NH 2 and analogues thereof. 



3, A peptide composition according to Claim 1 comprising a segment of Peptide II and having an amino 
acid sequence selected from the group consisting of: 



(i) Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met- 
Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly- 
Leu-X; 

( ii ) Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Iieu-Pro-Tyr- 
Ile-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys- 
Gln-Lys-Ala-Iieu-Gly-Leu-X; 

( iii) Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln«Gly-Met-Met-Leu- 
Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-X; 

( iv) Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu- 
Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu- 
Gln-Gly-Met~Met-Leu-Ala-Glu-Gln-Phe~Lys-Gln-Lys- 
Ala-Leu-Gly-Leu-X; 



Ctc) 

(IF) 



(v) Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe- 
Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr- 
Ile-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys- 
Gln-Lys-Ala-Iieu-Gly-Leu-X; 



(EG) 



(vi) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu- 
Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-X; 



wherein X is -OH or -NH 2 and analogues thereof. 



4. A peptide composition according to Claim 3 and having an amino acid sequence as follows: 



Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg~Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu- 
Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-X; ClTH) 



wherein X is -OH or -NH 2 or an analogue thereof. 



5. A peptide composition according to Claim 1 comprising a segment of Peptide IIIF and having an amino 
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acid sequence selected from the group consisting of: 



(i) 


He- 
Asp- 
He- 


-Ile- 
-Glu- 
-X; 


-Pro- 
-Met 


-Asp- 
~Glu- 


-Arg- 
-Glu- 


-Glu-Val- 
-Cys-Ser- 


-Leu- 
-Gln- 


-Tyr-Arg- 
-His-Leu- 


~Glu- 
-Pro- 


-Phe- 
-Tyr- 


fin 


Cor, 

Leu- 
Gin- 


-Gly-Lys- 
-Tyr-Arg- 
-His-Leu- 


-Prn- 
-Glu- 
-Fro- 


Id' 

-Phe- 
-Tyr- 


-11 lie - 
-Asp-Glu- 
-Ile-X; 


-Pro-Asp-Arg- 
-Met-Glu-Glu- 


-Glu-Val- 
-Cys-Ser- 


(iii) 


Gly- 
Pro- 
Met- 


-Arg- 
-Asp- 
-Glu- 


-val 
-Arg 
-Glu 


-Val^ 
-Glu- 
-Cys- 


-Leu- 
-Val- 
-Ser- 


-Ser-Gly- 
-Leu-Tyr- 
-Gln-His- 


-Lys- 
-Arg- 
-Leu- 


-Pro- 
-Glu< 
-Pro- 


-Ala- 
-Phe- 
-Tyr- 


-Ile- 
-Asp- 
-lie- 


-Ile- 
-Glu- 
-X; 


(iv) 


Cys- 
Lys- 
Arg- 
Leu- 


-Val- 
-Pro- 
-Glu- 
-Pro- 


-Val 
-Ala- 
-Phe 
-Tyr 


-Ile- 
-Ile- 
~Asp- 
-lie- 


ial- 
-lie- 
-Glu- 
-X; 


-Gly-Arg- 
-Pro-Asp- 
-Met-Glu- 


-Val- 
-Arg- 
-Glu- 


-Val- 
-Glu- 
-Cys 


-Leu- 
-Val- 
-Ser- 


-Ser- 
-Leu- 
-Gln- 


-Gly~ 
-Tyr- 
-His- 



(ic) 



Care-) 



wherein X is - OH or -NH 2 and analogues thereof. 
6. A peptide composition according to Claim 5 and having an amino acid sequence as follows: 



Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-X; (Ml)) 

wherein X is -OH or -NH2 or an analogue thereof. 

7. A peptide composition according to Claim 1 comprising a combination of Peptides VINE and IXE and 
having the amino acid sequence: 



Ser-Thr-Ile-Pro-Lys-Pro-Gln-Arg-Lys-Thr-Lys-Arg- 
Asn-Thr-Asn^Arg-Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro- 
Gly-Gly-Gly-Gln-Ile-Val-Gly-Gly-Val-Tyr-Leu-Leu- 
Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr- 
Arg-Lys-Thr-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg- 
Arg-Gln-Pro-He-Pro^-Lys-Val-Arg-Arg-Pro^Glu-Gly- 
Arg-Thr-Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu- 
Tyr-Gly-Asn-Glu-Gly-Cys-Gly-Trp-Ala-Gly-Trp-Leu- 
Leu-Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp-Gly-Pro- 
Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu-Gly~X; 



wherein X is -OH or -NH 2 and analogues thereof. 

8. A peptide composition according to Claim 1 comprising a segment of Peptide VIIIE and having an 
amino acid sequence selected from the group consisting of: 
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( i ) Thr-Lys-Arg-Asn-Thr-Asn-Arg-Arg-Pro-Gln-Asp-Va 1- 

Lys-Phe-Pro-Gly-Gly-Gly-Gln-Ile-Val-Gly-Gly-Val- 
Tyr-Leu-Leu-Pi:o-Arg-Arg-Gly-Pro-Arg»LeU'-Gly-val- 
Arg-Ala-Thr-Arg-Lys-Thr-Ser-Glu-Arg-Ser-Gln-Pro- 
5 Arg-Gly-Arg-Arg-X; 

( i i ) Asp-Va l-Lys-Phe-Pro-G ly-Gly-Gly-Gln-I le-Va 1-Gly- 
Gly-Val-Tyr-Leu-Leu-Pro-Arg-Arg-Gly-Pro-Arg-Iieu- 
Gly-Val-Arg-Ala-Thr-Arg-Lys-Thr-Ser-Glu-Arg-Ser- 
7 0 Gln-Pro-Arg-Gly-Arg-Arg-X; 

(iii) Val-Gly-Gly-Val-Tyr-Leu-Leu-Pro-Arg-Arg-Gly-Pro- 
Arg-Leu-Gly-Val^Arg-Ala-Thr-Arg-Lys-Thr-Ser-Glu- 
Arg-Ser-Gln-Pro-Arg-Gly-Arg-Arg-X; (lM 3 f 

15 (iv) Gly-Pro-Arg-Leu~Gly-Val-Arg-Ala-Thr-Arg-Lys-Thr- 

Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg-Arg-X; (WA) 



tmv) 



cwrc) 



wherein X is -OH or -NH 2 or an analogue thereof. 

20 

9. A peptide composition according to Claim 1 comprising a segment of Peptide IXE and having an amino 
acid sequence selected from the group consisting of: 



25 



( i ) I le-Pro-Lys-Va 1-Ar g-Arg-Pro-G lu-Gly-Arg-Thr ^Trp- 

Ala-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr-Gly-Asn- 
Glu-Gly-Cys-Gly-Trp-Ala-Gly-Trp-Leu-Leu-Ser-Pro- 
Arg-Gly-Ser-Arg-Pro-Ser-Trp-Gly-Pro-Thr-Asp-Pro- 
Arg-Arg-Arg-Ser-Arg-Asn-Leu-Gly-X; 



30 



40 



(ii) Thr-Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr- 
G ly-Asn-G lu-G ly-Cy s -G ly-Tr p-A 1 a-G ly-T r p-Leu-Leu- 
Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp-Gly-Pro-Thr- 
Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu-Gly-X; (U C) 



35 (iii> Leu-Tyr-Gly-Asn-Glu-Gly-Cys-Gly-Trp-Ala-Gly-Trp- 
Leu-Leu-Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp-Gly- 
Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu- 

Gly-X; 



(iv) Trp-Leu-Leu-Ser-Pro-Arg-Gly-Ser-Arg- 
Pro-Ser-Trp-Gly-Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser- 
Arg-Asn-Leu-Gly-X; 



OS*) 



wherein X is OH or -NH2 or an analogue thereof. 

45 

10. A peptide composition according to Claim 1 wherein the peptide has an amino acid sequence as 
follows: 



50 
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Ser-Thr-Ile-pro-Lys-Pro-Gln-Arg-Lys-Thr-Lys-Arg- 
Asn-Thr-Asn-Arg-Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro- 
Gly-Gly-Gly-Gln-Ile-Val-Gly-Gly-Val-Tyr-Leu-Leu- 
Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr- 
Arg-Lys-Thr-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg^ 
Arg-X 

wherein X is -OH or -NH 2 or an analogue thereof. 
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11. A peptide composition according to Claim 1 wherein the peptide has an amino acid sequence as 
follows: 



Gly-Arg-Arg-Gln-Pro-Ile-Pro-Lys-Val-Arg-Arg-Pro- 
Glu-Gly-Arg-Thr-Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp- 
Pro-Leu^Tyr-Gly-Asn-Glu^Gly-Cys-Gly-Trp-Ala-Gly- 
Trp-Leu-Leu-Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp- 
Gly-Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu- 

Gly-X; 



wherein X is -OH or -NH 2 and analogues thereof. 



12. A method of detecting antibodies to hepatitis C virus (HCV) or diagnosis of HCV infection or NANBH 
75 comprising the steps: 

(i) Preparing a peptide composition according to Claim 1: 

(ii) Using an effective amount of the peptide composition as an antigen to form a complex with 
antibodies to HCV or NANBHV; 

(iii) Detecting the presence of the complex of peptide with antibodies to HCV or NANBHV by an 
20 enzyme linked immunosorbent assay, an immunoradiometric assay or an agglutination assay or 

other immunoassays. 

13. A method according to Claim 12 where in the peptide composition is coated on a solid substrate. 

25 14. A method according to Claim 13 wherein the step of detecting the presence of the complex of peptide 
with antibodies to HCV or NANBHV is by means of an enzyme linked immunosorbent assay. 

15. A method according to Claim 12 wherein the method of detecting the presence of the complex of 
peptide with antibodies to HCV or NANBHV is by using an immunoradiometric-assay. 

30 

16. A method according to Claim 12 wherein the method of detecting the presence of the complex of 
peptide with antibodies to HCV or NANBHV is by an agglutination assay. 

17. A method according to Claim 12 wherein the peptide composition is a combination of peptides IE, HQ, 
35 IIIF and VE and having the amino acid sequence: 



Cys-Val-Val-Ile-Val-Gly-Arg-Val-Val-Leu-Ser-Gly- 
Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu^Val-Leu-Tyr- 
Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His- 
Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu- 
Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr- 
Ala-Ser-Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro-Ala-Val- 
Gln-Thr-Asn-Trp-Gln-Lys-Leu-Glu-Thr-Phe-Trp-Ala- 
Lys-His-Met-Trp-Asn-Phe-X 



wherein X is -OH or -NH 2 or an analogue thereof. 

18. A method according to claim 12 wherein the peptide composition comprises a segment of Peptide II 
so and has an amino acid sequence selected from the group consisting of: 
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75 



20 



25 



(EC) 



(i) cys-Ser-Gln-His-Leu-Prg-Tyr-Ile-Glu-Gln-Gly-Met- 
Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly- 

Leu-X; 

(ii) Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr- 
Ile-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys- 
G 1 n-Ly s -Al a -Leu-G ly-Leu-X ; 

(iii) Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu- 
Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-X; (IE) 

(iv) Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu- 
Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu- 
Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys- 
Ala-Leu-Gly-Leu-X; 



(v) He-Ile-Pro-Asp-Arg-Glu^Val-Leu-Tyr-Arg-Glu-Phe- 
Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr- 
He^Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys- ^ 
Gln-Lys-Al a ~Leu-G ly-Leu-X ; 

(vi) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu- 
Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-X; (I H/ 

wherein X is -OH or -NH2 and analogues thereof. 

19. A method according to claim 12, wherein the peptide composition comprises a peptide having an 
amino acid sequence: 



Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu- 
Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu- 
Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Glri-Lys- 

Ala-Leu-Gly-Leu-X; 



40 wherein X is -OH or -NH 2 or an analogue thereof. 

20. A method according to claim 12 wherein the peptide composition is a segment of peptide IIIF and 
having an amino acid sequence selected from the group consisting of: 
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(i) 



Ile-Ile-Pro-Asp-Arg-Glu-val-Leu-Tyr-Arg-Glu-Phe 
Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu»Pro-Tyr 

Ile-X; 



(EC) 



(ii) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-X; t m 

(iii) Gly-Arg-Val-Val-Leu-Ser-Gly-Lys-Pro-Ala-Ile-Ile- 
Pro-Asp-Arg-Glu-val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu- 
Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile«X; (H 

(iv) Cys-Val-Val-Ile-Val-Gly-Arg-Val-Val-Leu-Ser-Gly^ 
Lys-Pro-Ala-Ile-Ile-Pro^Asp-Arg-Glu-Val-Leu-Tyr- 
Arg-Glu-Phe-Asp-Glu^Met-Glu-Glu-Cys-Ser-Gln-His- , 
Leu-Pro-Tyr-Ile-X; 



wherein X is -OH or -NH 2 and analogues thereof. 

21. A method accordir - [o claim 12 wherein the peptide composition comprises a peptide having an amino 
acid sequence: 

(ii) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-X; (jir D) 

wherein X is -OH or -NH2 or an analogue thereof. 

22. A method according to Claim 12 wherein the peptide composition comprises a combination of Peptides 
VIIIE and IXE and has an amino acid sequence: 

Ser-Thr-Ile-pro-Lys-Pro-Gln-Arg-Lys-Thr-Lys-Arg- 
Asn-Thr-Asn-Arg^Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro- 
Gly-Gly-Gly-Gln-Ile-Val-Gly-Gly-Val-Tyr-Leu-Leu- 
Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr- 
Arg-Lys-Thr-Ser-Glu-Arg~Ser-Gln-Pro-Arg^Gly-Arg- 
Arg»Gln-Pro-Ile-Pro-Lys-Val-Arg-Arg-Pro-Glu-Gly- 
Arg-Thr-Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu- 
Tyr-Gly-Asn-Glu-Gly-Cys-Gly-Trp-Ala-Gly-Trp-Leu- 
Leu-Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp-Gly-Pro- 
Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu-Gly-X; (jCi) 

wherein X is -OH or -NH2 and analogues thereof. 

23. A method according to Claim 12 wherein the peptide composition comprises a segment of Peptide 
VIIIE and has an amino acid sequence: 



Thr-Lys-Arg-Asn-Thr-Asn-Arg-Arg-Pro-Gln-^Asp-Val- 
Lys-Phe-Pro-Gly-Gly-Gly«Gln-Ile-Val-Gly-Gly-Val- 
Tyr-Leu-Leu-Pro-Arg-Arg^Gly-Pro-Arg^Leu-Gly-Val- 
Arg-Ala-Thr-Arg-Lys-Thr-Ser-Glu«Arg-Ser^Gln-Pro- N 
Arg-Gly-Arg-Arg-X; (If D/ 

wherein X is -OH or -NH 2 and analogues thereof. 
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24. A method according to Claim 12 wherein the peptide composition comprises a segment of Peptide IXE 
and has an amino acid sequence selected from the group consisting of: 



(i) 



(ii) 



(iii) 



lie- 


-Pro- 


-Lys-Va 1-Arg-Arg* 


-Pro- 


-Glu- 


-Glv- 


-Arg- 


-Thr—Trp 


Ala- 


-Gin- 


-Pro-Gly-Tyr-Pro- 




-Pro- 


-Leu- 




-G lv— Asn 


Glu- 


-Gly- 


-Cys-G ly-Trp-Ala- 


^Gly- 


-Trp- 


-Leu- 


-Leu- 


-Ser-Pro 


Arg- 


-Gly-Ser-Arg-Pro-Ser- 


-Trp- 


-Gly- 


-Pro- 


-Thr- 


-Asp-Pro- 


Arg- 


-Arg- 


-Arg-Ser-Arg-Asn- 


-Leu- 


-Gly- 


-X; 






Thr- 


-Trp* 


-Ala-Gln-Pro-Gly- 


-Tyr- 


-Pro- 


-Trp- 


-Pro- 


-Leu-Tyr 


Gly-Asn- 


-Glu-Gly-Cys-Gly- 


-Trp- 


-Ala- 


-Gly- 


-Trp- 


-Leu-Leu 


Ser- 


-Pro- 


-Arg-Gly-Ser-Arg- 


-Pro- 


-Ser- 


-Trp- 


-Gly- 


-Pro-Thr 


Asp- 


-Pro- 


-Arg-Arg-Arg-Ser- 


-Arg- 


-Asn- 


-Leu- 


-Gly- 


-X; 


Leu- 


-Tyr- 


-Gly-Asn-Glu-Gly- 


-Cys- 


-Gly- 


-Trp- 


-Ala- 


-Gly-Trp- 


Leu- 


-Leu- 


-Ser-Pro-Arg-Gly- 


-Ser- 


-Arg- 


-Pro- 


-Ser- 


-Trp-Gly 


Pro- 


-Thr- 


-Asp-Pro-Arg-Arg- 


-Arg- 


-Ser- 


-Arg- 


-Asn- 


-Leu- 


Gly- 


-x; 















CJlD) 



02 c> 



( i v) Trp-Leu-Leu-Ser-Pro-Arg-Gly-Ser-Arg- 

Pro-Ser-Trp-Gly-Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser- 

Arg-Asn-Leu-Gly-X; C 125. A ) 

wherein X is -OH or -NH 2 or an analogue thereof. 

25. A method according to Claim 12 wherein the peptide composition comprises a peptide having an amino 
acid sequence as follows: 

Ser-Thr-Ile-pro-Lys-Pro-Gln-Arg-Lys-Thr-Lys-Arg- 
Asn-Thr-Asn-Arg-Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro- 
Gly«Gly-Gly-Gln-Ile-Val-Gly-Gly-Val-Tyr-Leu-Leu- 
Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr- 
Arg-Lys-Thr-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg- 
Arg-X CSEEO 

wherein X is -OH or -NH 2 or an analogue thereof. 

26. A method according to Claim 12 wherein the peptide composition comprises a peptide having an amino 
acid sequence as follows: 

Gly-Arg-Arg-Gln-Pro-Ile-Pro-Lys-Val-Arg-Arg-Pro- 
Glu-Gly-Arg-Thr-Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp- 
Pro-Leu-Tyr-Gly-Asn-Glu-Gly-Cys-Gly-Trp-Ala-Gly- 
Trp-Leu-Leu-Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp- 
Gly-Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu- 
Gly-X; (j5?E) 

wherein X is -OH or -NH 2 and analogues thereof. 

27. Antibodies to HCV or NANBHV produced by using as an immunogen a peptide composition comprising 
a peptide with an amino acid sequence selected from the group consisting of: 
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(i) Glu«<51u"Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln- 
Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys«Ala- 
Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser-Arg-Gln-Ala-Glu- 
Val-Ile-Ala-Pro-X (IF) 

(ii ) Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe- 
Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr- 
Ile-Glu-Gln»Gly-Met-Met^Leu-Ala-Glu-Gln-Phe-Lys- 
Gln-Lys-Ala-Leu-Gly-Leu-X {IlQ) 



(iii) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu- 
Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-X (HH) 

(iv) Cys-Val-Val-lie-Val-Gly-Arg-Val-Val-Leu-Ser-Gly- 
Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr- 
Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His- 
Leu-Pro-Tyr-lle-X (IIIR) 

(v) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Ijeu- 
Ala-Glu-Gln-Phe-X (IV) 



(vi) 




(VE) 



(vii) Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln- 
Lys-Ala-Leu-Gly-I*eu^Leu-Gln-Thr«Ala-Ser-Arg-Gln- 
Ala-Glu-Val-Ile-Ala-Pro-Ala-Val-Gln-Thr-Asn-Trp- 
Gln-Lys-Leu-Glu-Thr-X (VIE) 

(viii) Pro-Gly-Ala-Leu-Val-Val-Gly-Val-Val-Cys-Ala-Ala- 
Ile-Leu-Arg-Arg-His-Val-Gly-Pro-Gly-Glu-Gly-Ala- 
Val-Gln-Trp-Met-Asn-Arg-Leu-Ile-Ala-Phe-Ala-Ser- 
Arg-Gly-Asn-His-val-Ser-Pro-X (VII) 

(ix) Ser-Thr-Ile-Pro-E.ys-Pro-Gln-Arg-Lys-Thr-Lys-Arg- 
Asn-Thr-Asn-Arg-Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro- 
Gly-Gly-Gly-Gln-Ile-Val-Gly-Gly-Val-Tyr-Leu-Leu- 
Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr- 
Arg-Lys-Thr-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg- 
Arg-X, and 



OZBTe) 



(IXE) 



(x) Gly«Arg-Arg-Gln-Pro-Ile-Pro-Lys-Val-Arg-Arg-Pro- 
Glu-Gly-Arg-Thr-Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp- 
Pro-Leu-T>r»Gly-Asn-Glu-Gly-Cy3-Gly-Trp-Ala-Gly- 
Trp-Leu-Leu-Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp- 
Gly-Pro-Thr-Asp-Pro»Arg-Arg-Arg-Ser-Arg-Asn-LeU" 
Gly-X 

wherein X is -OH or -NH 2 ; and 

(xi) analogues, segments, mixtures, combinations, conjugates and polymers thereof. 

28. An enzyme linked immunosorbent assay (ELISA) test kit for the detection of antibodies to HCV c 
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NANBHV or the diagnosis of HCV or NANBHV infection comprising: 

(i) compartmented enclosure containing multiple wells coated with a peptide composition according 
to Claim 1; 

(ii) a negative control sample; 

(iii) an inactivated HCV positive control sample; 

(iv) specimen diluent comprising PBS buffer containing 20% by volume normal goat serum; 1% by 
weight gelatin and 0.05% by weight TWEEN 20; 

(v) peroxidase labelled antibodies to human IgG; and 

(vi) a color change indicator. 

29. An ELISA test kit according to claim 28 wherein the multiple wells are coated with a peptide 
composition which is a combination of Peptide IE, IIG, IMF and VE with an amino acid sequence: 



Cys-Val-Val-Ile-Val-Gly-Arg-Val-Val-Leu-Ser-Gly- 
Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr- 
Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His- 
Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu- 
Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr- 
Ala-Ser-Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro-Ala-Val- 
Gln-Thr-Asn-Trp-Gln-Lys-Leu-Glu-Thr-Phe-Trp^Ala- 
Lys-His-Met-Trp-Asn-Phe-X 



wherein X is -OH or -NH2 and analogues thereof. 

30. An ELISA test kit according to claim 28 wherein the multiple wells are coated with a peptide 
composition comprising a segment of Peptide II and having an amino acid sequence selected from the 
group consisting of: 



(i) 



(ii) 



(iii) 



Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met- 
Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly- f 
Leu-X; (IC) 

Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr- 
He-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys- 
Gln-Lys-Ala-Leu-Gly-Leu-X; tit 



Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu- 
Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-X; 



(IE) 



(iv) Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu- 
Met-Glu-Glu^Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu- 
Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys- ~\ 
Ala-Leu-Gly-Leu-X; v ' 

(v) Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe- 
Asp-Glu-Met-Glu^Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr- 
Ile-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys- / r >, 
Gln-Lys-Ala-Leu^Gly-Leu-X; \ SL } 

(vi) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu^Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Ijeu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu- * . 
Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Iieu-X; (jl H ) 
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wherein X is -OH or -NH 2 and analogues thereof. 

31. An ELISA test kit according to claim 28 wherein the multiple wells are coated with a peptide having an 
amino acid sequence: 

Ser-Gly-Lys-Pro-Ala-Ile^Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu^Phe-Asp-Glu-Met-Glu-Glu^Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln^Gly-Met-Met-Leu- 
Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-X; (Xti) 

wherein X is OH or -NH 2 and analogues thereof. 

32. An ELISA test kit according to claim 28 wherein the multiple wells are coated with a peptide 
composition comprising a segment of Peptide IIIF having an amino acid sequence selected from the 
group consisting of: 



(i) lle-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe- 
Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr- 
Ile-X; 



(ii) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- . 
Gln-His-Leu-Pro-Tyr-Ile-X; (W- D / 

(iii) Gly-Arg-Val-Val-Leu-Ser-Gly-Lys-Pro-Ala-Ile-Ile- 
Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu- 
Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-X; ClH. fc J 

(iv) cys-Val-Val-Ile-Val-Gly-Arg-Val-Val-Leu-Ser-Gly- 
Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val~Leu-Tyr- 
Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His- 
Leu-Pro-Tyr-Ile-X; CUT FJ 

wherein X is -OH or -NH 2 and analogues thereof. 
33. An ELISA test kit according to claim 32 wherein the peptide is: 



(ii) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu^Val- 
Leu-Tyr-Arg-Glu^Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro^Tyr-Ile-X; t'lED) 



wherein X is -OH or -NH 2 or an analogue thereof. 

34. An ELISA test kit according to Claim 28 wherein the multiple wells are coated with a peptide 
composition comprising a combination of Peptide VIIIE and IXE having an amino acid sequence: 
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Ser-Thr-Ile-pro-Lys-Pro-Gln^Arg-Lys-Thr-Lys-Arg- 
Asn-Thr-Asn-Arg-Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro- 
Gly-Gly-Gly-Gln-Ile-Val-Gly-Gly-Val-Tyr-Leu-Leu- 
Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr- 
Arg-Lys-Thr-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg^ 
Arg-Gln-Pro-Ile-Pro-Lys-Val-Arg-Arg-Pro-Glu-Gly- 
Arg-Thr-Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu- 
Tyr-Gly-Asn-Glu-Gly-Cys-Gly-Trp-Ala-^Gly-Trp-Leu- 

Leu-Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp-Gly-Pro- 

Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu-Gly-x; [XI 



wherein X is -OH or -NH 2 and analogues thereof. 

35. An ELISA test kit according to Claim 28 wherein the multiple wells are coated with a peptide 
composition comprising a segment of Peptide VINE having an amino acid sequence selected from the 
group consisting of: 



(ii) Asp^Val-Lys-Phe-Pro-Gly-Gly-Gly-Gln-Ile-Val-Gly- 
Gly-Val-Tyr-Leu-Leu-Pro-Arg-Arg-Gly-Pro-Arg-Leu- 
Gly-Val-Arg-Ala-Thr-Arg-Lys-Thr-Ser-Glu-Arg-Ser- 
Gln-Pro-Arg-Gly-Arg-Arg-X; 

( iii ) Val-Gly-Gly-Val-Tyr-Leu-Leu-Pro»Arg-Arg-Gly-Pro- 
Arg-Leu-Gly-Val-Arg-Ala-Thr-Arg-Lys-Thr-Ser-Glu- 
Arg-Ser-Gln-Pro-Arg-Gly-Arg-Arg-X; 



(iv) Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr-Arg-Lys-Thr- 

Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg-Arg-X; A) 



wherein X is -OH or -NH 2 or an analogue thereof. 

36- An ELISA test kit according to Claim 28 wherein the multiple wells are coated with a peptide 
composition comprising a segment of Peptide IXE having an amino acid sequence selected from the 
group consisting of: 



(i) 



Thr-Lys-Arg-Asn-Thr-Asn-Arg-Arg-Pro-Gln-Asp-Val- 
Lys-Phe-Pro-Gly-Gly-Gly-Gln-lle-val-Gly-Gly-Val- 
Tyr-Leu-Leu«Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly-Val- 
Arg-Ala-Thr-Arg-Lys-Thr-Ser-Glu-Arg-Ser-Gln-Pro- 
Arg-Gly-Arg-Arg-X; 
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(i) Ile-Pro-Lys-Val-Arg-Arg-Pro-Glu-Gly-Arg-Thr-Trp- 
Ala-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr-Gly-Asn- 
Glu-Gly-Cys-Gly-Trp-Ala-Gly-Trp-Leu-Leu-Ser-Pro- 
Arg-Gly-Ser-Arg-Pro-Ser-Trp-Gly-Pro-Thr-Asp-Pro- 
Arg-Arg-Arg-Ser-Arg-Asn-Leu-Gly-X; 

(ii) Thr-Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr- 
Gly-Asn-Glu-Gly-Cys-Gly-Trp-Ala-Gly-Trp-Leu-Leu- 
Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp-Gly-Pro-Thr- 
Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu-Gly-X; 

( iii) Leu-Tyr-Gly-Asn-Glu-Gly-Cys-Gly-Trp-Ala-Gly-Trp- 
Leu-Leu-Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp-Gly- 
Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu- 
Gly-X; 

( iv) Trp-Leu>Leu-Ser-Pro-Arg~Gly-Ser-Arg- 
Pro-Ser-Trp-Gly-Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser- 
Arg-Asn-Leu-Gly-X; 



Ore) 

(5A) 



wherein X is -OH or -NH 2 or an analogue thereof. 

37. An ELISA test kit according to Claim 28 wherein the multiple wells are coated with a peptide 
composition comprising a peptide having an amino acid sequence as follows: 



Ser-Thr-Ile-pro-Lys-Pro-Gln-Arg-Lys-Thr-Lys-Arg- 
Asn-Thr-Asn-Arg-Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro- 
Gly-Gly-Gly-Gln-Ile-Val-Gly-Gly-Val-Tyr-Leu-Leu- 
Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr- 
Arg-Lys-Thr-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg- 




wherein X is -OH or -NH 2 or an analogue thereof. 

38. An ELISA test kit according to Claim 28 wherein the multiple wells are coated with a peptide 
composition comprising a peptide having an amino acid sequence as follows: 



Gly-Arg-Arg-Gln-Pro-Ile-Pro-Lys-Val-Arg-Arg-Pro- 
Glu-Gly-Arg-Thr-Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp- 
Pro-Leu-»Tyr-Gly-Asn-Glu-Gly-Cys-Gly-Trp-Ala-Gly- 
Trp-Leu-Leu-Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp- 
Gly-Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu- 

Gly-X; 



wherein X is -OH or -NH 2 and analogues thereof. 

39. An ELISA test kit according to Claim 28 wherein the multiple wells are coated with a peptide 
composition comprising a mixture of Peptides IIH and VE, Peptides IIH and VE having the following 
amino acid sequences respectively: 
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w 



(i) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp«Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His^Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu- 
Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-X (IIH) 

(ii) Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser- 
Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro-Ala-Val-Gln-Thr- 
Asn-Trp-Gln-Lys-Leu-Glu-Thr-Phe-Trp-Ala-Lys-His- 
Met-Trp-Asn-Phe-X; < vG ) 

wherein X is -OH or -Nhfe or analogues thereof. 

40. An ELISA test kit according to Claim 28 wherein the multiple wells are coated with a peptide 
is composition comprising a mixture of Peptides I IF, HID and VE, Peptide I IF, HID and VE having the 
following amino acid sequences respectively: 

(i) Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu- 
20 Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-Ile-Glu- 

Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys- 
Ala-Leu-Gly-Leu-X; < IIF > 

(ii) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 

25 Gln-His-Leu-Pro-Tyr-Ile-X; (HID) 



(iii) Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser- 
30 Arg-Gln-Ala-Glu-Val-Ile-Ala-Pro-Ala-Val-Glti-Thr- 
Asn-Trp-Gln-Lys-Leu-Glu-Thr-Phe-Trp-Ala-Lys-His- 
Met-Trp-Asn-Phe-X; <v£) 

35 wherein X is -OH or -NH 2 or analogues thereof. 

41. An ELISA test kit according to Claim 28 wherein the multiple wells are coated with a peptide 
composition comprising a mixture of Peptides IIH, VE and VIHE, Peptide IIH, VE and VHIE having the 
following amino acid sequences respectively: 

40 

(i ) Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val- 
Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser- 
Gln-His-Leu-Pro-Tyr-Ile-Glu-Gln-Gly-Met-Met-Leu- 
Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-X; a (IIH) 

(ii) Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser- 
Arg-Gln^Ala-Glu-Val-Ile-Ala-Pro-Ala-Val-Gln-Thr- 
Asn-Trp-Gln-Lys-Leu-Glu-Thr-Phe-Trp-Ala-Lys-His- 
Met-Trp-Asn-Phe-X; (V£) 

50 

(iii) Ser-Thr-Ile-pro-Lys-Pro-Gln-Arg-Lys-Thr-Lys-Arg- 
Asn-Thr-Asn-Arg-Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro- 
Gly-Gly-Gly-Gln-Ile-Val-Gly-Gly-Val-Tyr-Leu-Leu- 
Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr- 
Arg-Lys-Thr-Ser-Glu~Arg-Ser-Gln~Pro-Arg-Gly~Arg- 

55 Arg-X; (VIHE? 



45 



wherein X is -OH or -NH 2 or an analogue thereof. 
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42. An EUSA test kit according to Claim 28 wherein the multiple wells are coated with a peptide 
composition comprising a mixture of Peptides VIIIE and IXD, Peptide VIIIE and IXD having the following 
amino acid sequences respectively: 



(i) ser-Thr-lle-pro-Lys-Pro-Gln-Arg-Lys-Thr-Lys-Arg- 
Asn-Thr-Asn-Arg-Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro- 
Gly-Gly-Gly-Gln-Ile-Val-Gly-Gly-Val-Tyr-Leu-Leu- 
Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr- 
Arg-Lys-Thr-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg- 

Arg-X; 



(ii) Gly-Arg-Arg-Gln-Pro-Ile-Pro-Lys-Val-Arg-Arg-Pro- 
Glu-Gly-Arg-Thr-Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp- 
Pro-Leu-Tyr-Gly-Asn-Glu-Gly-Cys-Gly-Trp-Ala-Gly- 
Trp-Leu-Leu-Ser-Pro-Arg-Gly-Ser-Arg-Pro-Ser-Trp- 
Gly-Pro-Thr-Asp-Pro-Arg-Arg-Arg-Ser-Arg-Asn-Leu- 

Gly-X; 



wherein X is -OH or -Nhb and analogues thereof. 

43. A peptide which is immunoreactive to HCV with at least about 15 to not more than about 65 amino 
acids in a sequences having as a segment thereof said segment selected from the group consisting of: 

(i) Ser-Gly-Lys-Pro-Ala; (XII) 

(ii) ile-lle-Pro-Asp-Arg; (XIII) 
fiii) GIu-Glu-Cys-Ser-GIn; (XIV) 

(iv) His-Leu-Pro-Tyr-lle; (XV) 

(v) Glu-Gln-Gly-Met-Met; (XVI) 

(vi) Leu-Ala-Glu-Gln-Phe; (XVII) 

(vii) Lys-Gln-Lys-Ala-Leu; (XVIII) 

(viii) Gly-Leu-Leu-Gln-Thr: (XIX) 

(ix) Glu-Val-IIe-Ala-Pro; and (XX) 

(x) Glu-Val-Leu-Tyr-Arg. (XXI) 



(VIIIE!) 



(IXE) 



66 



EP 0 442 394 A2 



=tfc 

UJ 
_l 

CL 
< 



a. 



o 

U_ 

o 
o 

o 

I 

Q 
O 

LO 

> 

o 

X 

LU 
X 



_ = = > > 

L 1L o! (L IL 

U Ul UJ 111 kl 

Q. L Q. Q. Q. 



O 0 < D > 

Mill 

o o < □ > 




I 

< 



i 

cn 



u 



n 



— i 1 1 1 1— 

in o " in o in o 
^ ^ n n n n 



—j 1 1 r~ 

m o m o 

♦ • » • 

r- O O 



m 

o 

I 



*2 



67 



EP 0 442 394 A2 



CM 

Ld 

_1 

D_ 
IE 
< 

en 



UJ 
h- 
O 



g 
en 

ZD 
U_ 

o 
o 

o 

1 

O 
O 

if) 

> 

o 
x 

LJ 
IE 



- = = > > 

C* Q.' £L CL Q." 

■ (jj UJ UJ UJ UJ 

a. a. a. a. o. 



O 0 < □ > 



i 



o o < □ > 




i 

< 



ID 



-~r~ 

to 



—r~ 

m 

Csj 



i 

o 



in 



— r~ 

o 



luu 36^ V 



m 
o 



O 

* 

o 



in 
o 



UJ 

cn 



68 



EP 0 442 394 A2 



z 10 

o * 

UJ r- 1 



< 
00 



Ld 
I — 

o 
IT 

z: 
g 

Ll 

O 
O 

r— 

o 

1 ° 

O i 
hz bJ 

Q_ IT 



- = = > > 

q! Ol, ol CL tL 

111 Lu UJ U UJ 

0. 0. Q. 0. 0- 



6 0 < D > 

MM! 

O O < □ > 



ro 
i 



CO 



□IB 



r 



no ► 



O) 



J 



i 



6< — o 

i 

i 

i 

< 



— i 1 1 1 1 r- 

o m o in o m o 

« * » • • * 

fO CM <N «- O O 



Ul 

o 

m | 
d S 

i 3 



69 



EP 0 442 394 A2 



_l 

< 
IT) 



LU 

o 
a: 
a. 



< Li- 
fe P 

z o 

E 8 

^ (7) 

o x 

b: LlJ 

cl X 

LjJ h- 



- = = ?-> 

• • » * • 

B] Bj & £i & 

Q. 1 Q. 1 Q. 



O O « □ > 



o o < □ > 



t> SB 



□ o- 



Q » 



f 



CD 

i 



L 



i 



CT? 



r 



-a 



p- 1 1 1 1 j 1 1 1 — 

momomomomom 

Th-^-rorOcNCNT-T-oOO 



70 



EP 0 442 394 A2 




71 



EP 0 442 394 A2 




72 



EP 0 442 394 A2 




73 



EP 0 442 394 A2 



o 
o 



o o 



o o 



— i j 1 1 1 1 1 1 r~ 

oocor^coiO'sJ-fOCM 
OllVd 0/S VI3 Q\\\/M\ 30lld3d 



to 



- CD 



o a> 



Hog 

O 
\ 
CO 

< 

LU 

o 



O 

cr 

°(- CM O 



— o 



74 



EP 0 442 394 A2 



O 
O 



o 

o o 



- in 



o o 



O 



o 

CO 



o 
in 



—r~ 

O 
«<*- 



CD 



- tn 



• CM 



g 



< 

UJ 

O 



o 



o 

X 

o 



o 
to 



o 



OLLVd 0/d VHd 3dlld3d 



75 



EP 0 442 394 A2 



I— 

CL 

Q 
LlI 



00 

< 

o EE 

o l; 

o z 
q: o 

CO 3 

Li- 
en 

< 
i— 




Q 
LJ 

m 



jjoino/s 



76 



EP 0 442 394 A2 



11V 



o 

OQ 
>- 



LU JZ 

:z m 

< z: 

o_ < 

O X 
CO 

LU , 

> £ 

o ^ 
o 
o 
o: 

LU CO 

^ CO 

< 



< 

a. 




- M/<H/U 

!< 
o 

oa/ci/oi q 

LU 
LU 

m 



- OV/M/W 



4 - m/ta/ta 



jjoino/s 



77 



EP 0 442 394 A2 




EP 0 442 394 A2 




K 2 I § § § § § § « 
Q 

A0N3nD3HJ 

l 

00 




A0N3nD3HJ 



I 

CO 



79 



EP 0 442 394 A2 




U1U Z6f V 



at 



80 



EP 0 442 394 A2 



CO 
< 
UJ 

> 
O 
X 

XJ 
CD 

m 
v 

< 
o 

"D 

c 
a 

a) 

CO 

o 

Ld 

I— 

Q. 

LU 
0. 



o 

CO 

a: 
< 

CL 

o 
o 



°o 

v° ° 

o 


0 




o 






0 






cs 

d + 

II d o 

it » 


o 

o 




aed EIA cuto 
1 EIA cutoff ; 

o 

o 


o 


o 


JQ <n 


o 




<D ° 

'-5 < 


o 




« a 

a. ti 


0 


o 
o 


* j i 1 T"* 





q 



in 



q 
csj 



in 



to 
o 



o 
o 



o 

* 

o 



uiu 26*" P QO VQ P»*oq VNQJ O 



CD 



81 



EP 0 442 394 A2 



U- 
O 

2: 
o 



< 
o 

Q 
O 



Q_ 

LJ 



UJ 
I 

< 



O = 
UJ > 



UJ 

o 

CL 



in 

CL 
< 

o 
o 

UJ 
_] 

o 



< 

U. 

o 

e> 
~z. 

a. 

Q_ 

< 

^ > 

UJ o 
O 



UJ 
O 

o 



UJ 
X 

I— 



«- cm n «*• 

» * =* * 

y y y y 

£L CL CL CL 



t s 

O 

cc 
a. 

s? 
I 

i 



# • — ■ 



a 

Q. 



CN 



1 D ©ouoqjosqv 



CL 

5 



UJ 

o 



3 

S 

cn 



82 



EP 0 442 394 A2 



r- fO 

* =fc % =*fe 

yU UJ LJ 

-J -J -J 

1 1 1 Q. 

2 2 2 IS 
< < < < 

in V) m ui 



8z 

a: 
a. 
a 



s 



i 



J 
I 



g 

IE 



— r~ 



— p- 



aiU36^ P souoqjosqy 



o 



a 

UJ 

a 

UJ 

< 
< 



83 



EP 0 442 394 A2 




CM 
GO 



in 



+ f 

* a « 

I l 



2 


o 






to 










? 


1 


o 


CO 


c 




X 







CO 

o 

a 

5 



CO 

I 

c 



8 

iri 
m 



uiuzst jo aouoqjosqv 



i 

CM 



84 



EP 0 442 394 A2 




uiuzst }° souoqjosqv 



U. 7 * 

< c m 

CO 



3 M + 
CM w 

1 i s 



+ o + 

_5" ■ * 



0 10,3, 
3 CO 

. K 

K C O 

< ^ in 



I 



85 



EP 0 442 394 A2 



• • • • • 



7 • • > > 



— r - 

to 



— r - 
CM 



luu26^ P souDqjosqv 



I 

cN 
o V- 



86 



EP 0 442 394 A2 




EP 0 442 394 A2 




EP 0 442 394 A2 




EP 0 442 394 A2 



!< 

Q_ 

Q 

UJ 



00 

-z. 

< 

(— 



o 

GO 
13 
U_ 
00 

-z. 
< 



I 




— 0S-+E-10' 



O 



— T - 

o 
o 



o 

CO 



q 

CD 



— r- 
o 



o 

CN 



\/ 



o 
o 



jjoino/s 



l 

Q 
LU 
UJ 



E E E 

c c c 

<N £ £ 

05 5» 

o o c? 

Q ^ 10 

O P C 

CM N CS' 

doc 



It 

fc 

e 

b 

O 



II II 
fc-fc 

11 



< CD C 

U LJ L 

IP 

u o o 

• « ♦ 

1 1 1 

• 4 ♦ 



m 



go 



EP 0 442 394 A2 



) loi/nuj iiv 



o 
o 



o 
o 
m 

L_ 



o 
o 

CM 



I 

O CO 



(-— 



(OLLVM JJOinC/S) Viy-AOH VNQJ 




o 



ZD 
o 
o 



CO 

o 



<— •> OLLVH JJOJ/IO/S VG-AOH 



91 



EP 0 442 394 A2 



01 

< 
lli 

5 

X 

"O 

0) 
0) 

o 

< 

Q 
v. 

-o 
c 
o 



O 

!< 
o 



0) 
CO 
O 
X) 

Ld 
Q 

I — 
Q_ 
Ld 



O 

cn 
< 

CL 

O 
O 



i 

"ST 



o 
o 

o o 



0 o o 
0 



o 
o 



3 

o 

I) 

o 



O 

o 

CM 

d 
n 



3 
U 

UJ 

o 



£ 

© 

a 

JQ 

La 

Q 



UJ 

a. 



q 
to 



in 

CN 



q 



m 



in 
o 



E 
c 

CN 

cn 



Q 

O 

O 



a: 

< 

UJ 

a> 

CD 

o 

UJ 
O 



UJ 

a. 



O 



i 

CN 



— i 
O 



I 

If) 



o 



— r 

m 
o 



luu 36^ V> Q0 V13 P»soq VNQ J 



92 



EP 0 442 394 A2 



O 
O 



O 



cs 
i 

m 





o 








0 


o 






o 










o 


o 




o o 


0 0 


0 






- 0 

Q 












CM 


o 






m 


o 






CM 


CM 




c 


d 


6 




0 


3 


Q 




i 


*** 


«*— 
«+» 






o 


o 














U 


u 






< 
UJ 


2£ 






UJ 






< 


o 
















i 






2 








(£ 


a: 














S 


£ 


o 












© 








» 


« 






o 


o 






-O 








UJ 

a 


Ui 

a 








E 


o 




Li 


UJ 






a. 


0. 








J 



in 



o 



o id 

T- O 



o 

* 

o 



uju zet p ao v ivnaoj va p 960 * 3ai±d3d 



93 



